CROSS LINK MULTIPLEXER BUS 
CONFIGURED TO REDUCE CROSS-TALK 

Inventors: Abbas Amirichimeh 
Howard Baumer 
Dwight Oda 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 

60/421,780, filed October 29, 2002, which is incorporated herein in its entirety 
by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[0002] The present invention relates to a cross link multiplexer bus. 

Background Art 

[0003] Ethernet protocol is a popular technology used to implement Local Area 

Networks (LANs), and was originally developed in the late 1970s. In 1985, 
Ethernet was adopted by the Standards Board of the Institute of Electrical and 
Electronics Engineers Standards Association (IEEE-SA) as IEEE Std 802.3® 
entitled "Carrier Sense Multiple Access with Collision Detection (CSMA/CD) 
Access Method and Physical Layer Specifications". Since its initial release, IEEE 
Std 802.3 has been amended on several occasions to capture the benefits of 
advances in networking technologies and to drive the development of future 
advancements. For example, the IEEE-SA has approved an amendment for 
"Media Access Control (MAC) Parameters, Physical Layers, and Management 
Parameters for 10 Gb/s Operation" to IEEE Std 802.3. The amended standard is 
designated IEEE Std 802. 3ae™. The technology it supports is commonly referred 
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to as " 10 Gigabit Ethernet" and it represents a substantial increase in the speed at 
which signals can be communicated over an Ethernet medium. 

[0004] IEEE Std 802.3ae introduced Clause 48 entitled "Physical Coding 

Sublayer (PCS) and Physical Medium Attachment (PMA) Sublayer, Type 
10GBASE-X." 10GBASE-X refers to a family of 10 Gb/s Physical Layer 
implementations. FIG. 1 shows the relationships among the 10GBASE-X 
sublayers and other layers in the CSMA/CD LAN hierarchy. The 10 Gigabit 
Media Independent Interface (XGMET) protocol is used to communicate between 
the Reconciliation Sublayer (RS) and the PCS. XGMII characters are converted 
to code groups by the PCS. The code groups are communicated in a parallel 
format to the medium by the Media Dependent Interface (MDI), which is used to 
communicate between the Physical Medium Dependent (PMD) sublayer and the 
medium. Optionally, XGMII Extender Sublayers (XGXSs) can be used to extend 
the operational distance of the XGMII. A Data Terminal Equipment (DTE) 
XGXS can be coupled to the RS and a Physical (PHY) XGXS can coupled to the 
Physical layer. The 10 Gigabit Attachment Unit Interface (XAUI) protocol can 
be used to communicate between the DTE XGXS and the PHY XGXS. 

[0005] Manufacturers of network devices can implement the requirements of the 

Ethernet processes in any manner they choose. They are also free to include other 
processes so long as these do not conflict with the standard. Network devices that 
meet these criteria are said to be compliant with the standard. For example, Cisco 
Systems, Inc. developed the Converged Data Link (CDL) protocol, which can 
increase the distance over which signals are communicated over an Ethernet 
medium. 

[0006] A signal is conveyed by a bus. Traditionally, a bus is configured to 

convey a signal received at a destination port directly to an origin port. Systems 
having more than two ports can use a cross link multiplexer at each destination 
port to route the signal directly to a desired origin port. Such a bus is referred to 
as a cross link multiplexer bus. The signal is often represented as a series of 
characters, which in turn can be represented by data bits and control bits. What 
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is needed is a cross link multiplexer bus with interconnects configured in a 
manner to reduce cross-talk due to inductive and capacitive couplings. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention relates to a cross link multiplexer bus. In an 

embodiment, the cross link multiplexer bus of the present invention comprises a 
plurality of cross link multiplexers and a plurality of interconnects. The plurality 
of cross link multiplexers has a destination port configured to receive a signal and 
an origin port configured to produce the signal. A set of interconnects of the 
plurality of interconnects is coupled between a pair of adjacent cross link 
multiplexers of the plurality of cross link multiplexers. The signal is capable of 
being represented as a series of characters. A character of the series of characters 
is capable of being represented as a first data bit, a second data bit, and a first 
control bit. A first interconnect of the set of interconnects is configured to convey 
the first data bit. A second interconnect of the set of interconnects is configured 
to convey the second data bit. A third interconnect of the set of interconnects is 
configured to convey the first control bit. The first interconnect, the second 
interconnect, and the third interconnect are configured in a manner to reduce 
cross-talk. 

[0008] The third interconnect can be positioned substantially between the first 

interconnect and the second interconnect. In an embodiment, the first 
interconnect, the second interconnect, and the third interconnect can be fabricated 
on a common layer within an integrated circuit chip. The common layer can be 
substantially defined by a plane. 

[0009] The series of characters can further be capable of being represented as a 

third data bit, a fourth data bit, and a second control bit. A fourth interconnect of 
the set of interconnects can be configured to convey the third data bit. A fifth 
interconnect of the set of interconnects can be configured to convey the fourth 
data bit. A sixth interconnect of the set of interconnects can be configured to 
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convey the second control bit. The sixth interconnect can be positioned 
substantially between the fourth interconnect and the fifth interconnect. 

[001 0] The first interconnect, the second interconnect, the third interconnect, the 

fourth interconnect, the fifth interconnect, and the sixth interconnect can be 
fabricated on a common layer within an integrated circuit chip. The common 
layer can be substantially defined by a plane. 

[001 1 ] Alternatively, the first interconnect, the second interconnect, and the third 

interconnect can be fabricated on a first layer within an integrated circuit chip. 
The first layer can be substantially defined by a first plane. The fourth 
interconnect, the fifth interconnect, and the sixth interconnect can be fabricated 
on a second layer within the integrated circuit chip. The second layer can be 
substantially defined by a second plane. The second plane can be substantially 
parallel to the first plane. The fourth interconnect can be positioned substantially 
adjacent to the third interconnect along a direction substantially perpendicular to 
the first plane and the second plane. The sixth interconnect can be positioned 
substantially adjacent to the second interconnect along the direction substantially 
perpendicular to the first plane and the second plane. 

[0012] In another embodiment, the cross link multiplexer bus of the present 

invention comprises a plurality of cross link multiplexers and a plurality of 
interconnects. The plurality of cross link multiplexers has a destination port 
configured to receive a signal, an origin port configured to produce the signal, a 
first power supply configured to provide a first voltage, and a second power 
supply configured to provide a second voltage. The first voltage is different from 
the second voltage. A set of interconnects of the plurality of interconnects is 
coupled between a pair of adjacent cross link multiplexers of the plurality of cross 
link multiplexers. The signal is capable of being represented as a series of 
characters. A character of the series of characters is capable of being represented 
as a first bit and a second bit. A first interconnect of the set of interconnects is 
configured to convey the first bit. A second interconnect of the set of 
interconnects is configured to convey the second bit. A third interconnect of the 



1875.3640003 



-5- 



set of interconnects is configured to convey the the first voltage or the second 
voltage. The first interconnect, the second interconnect, and the third 
interconnect are configured in a manner to reduce cross-talk. 

[0013] The third interconnect can be positioned substantially between the first 

interconnect and the second interconnect. In an embodiment, the first 
interconnect, the second interconnect, and the third interconnect can be fabricated 
on a common layer within an integrated circuit chip. The common layer can be 
substantially defined by a plane. 

[0014] The series of characters can further be capable of being represented as a 

third bit and a fourth bit. A fourth interconnect of the set of interconnects can be 
configured to convey the third bit. A fifth interconnect of the set of interconnects 
can be configured to convey the fourth bit. A sixth interconnect of the set of 
interconnects can be configured to convey the the first voltage or the second 
voltage. The sixth interconnect can be positioned substantially between the 
fourth interconnect and the fifth interconnect. 

[0015] The first interconnect, the second interconnect, the third interconnect, the 

fourth interconnect, the fifth interconnect, and the sixth interconnect can be 
fabricated on a common layer within an integrated circuit chip. The common 
layer can be substantially defined by a plane. 

[001 6] Alternatively, the first interconnect, the second interconnect, and the third 

interconnect can be fabricated on a first layer within an integrated circuit chip. 
The first layer can be substantially defined by a first plane. The fourth 
interconnect, the fifth interconnect, and the sixth interconnect can be fabricated 
on a second layer within the integrated circuit chip. The second layer can be 
substantially defined by a second plane. The second plane can be substantially 
parallel to the first plane. The fourth interconnect can be positioned substantially 
adjacent to the third interconnect along a direction substantially perpendicular to 
the first plane and the second plane. The sixth interconnect can be positioned 
substantially adjacent to the second interconnect along the direction substantially 
perpendicular to the first plane and the second plane. 
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[0017] In another embodiment, the present invention comprises a method, in a 

cross link multiplexer bus having a plurality of substantially parallel interconnects 
coupled between a pair of adjacent cross link multiplexers, for reducing cross- 
talk. A first bit of a character of a signal is conveyed though a first interconnect 
of the plurality of substantially parallel interconnects. A second bit of the 
character of the signal is conveyed though a second interconnect of the plurality 
of substantially parallel interconnects. A power supply voltage is conveyed 
though a third interconnect of the plurality of substantially parallel interconnects. 
The third interconnect is positioned substantially between the first interconnect 
and the second interconnect. The power supply voltage can be a ground. 

[0018] In still another embodiment, the present invention comprises a method, 

in a cross link multiplexer bus having a plurality of substantially parallel 
interconnects coupled between a pair of adjacent cross link multiplexers, for 
reducing cross-talk. A first data bit of a character of a signal is conveyed though 
a first interconnect of the plurality of substantially parallel interconnects. A 
second data bit of the character of the signal is conveyed though a second 
interconnect of the plurality of substantially parallel interconnects. A control bit 
of the character of the signal is conveyed though a third interconnect of the 
plurality of substantially parallel interconnects. The third interconnect is 
positioned substantially between the first interconnect and the second 
interconnect. 

BRIEF DESCRIPTION OF THE FIGURES 

[001 9] The accompanying drawings, which are incorporated herein and form part 

of the specification, illustrate the present invention and, together with the 
description, further serve to explain the principles of the invention and to enable 
a person skilled in the pertinent art to make and use the invention. 

[0020] FIG. 1 shows the relationships among the 10GBASE-X sublayers and 

other layers in the CSMA/CD LAN hierarchy. 
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[0021] FIG. 2 is a block diagram of an example of a cross link multiplexer bus 

200 in the manner of the present invention. 
[0022] FIG. 3 A is a block diagram of an embodiment of a cross link multiplexer 

bus 300 in the manner of the present invention. 
[0023] FIGs. 3B and 3C show exemplary configurations of interconnects in the 

manner of the present invention. 
[0024] FIG. 3D is a block diagram of an embodiment of a serial/deserializer 

circuit 395 in which the present invention can reside. 
[0025] FIG. 4 shows a table 400 that summarizes, for different protocols, the 

formatting of signals received from outside of bus 300, communicated within bus 

300, and transmitted to outside of bus 300. 
[0026] FIG. 5 is a block diagram of an embodiment of cross link bus multiplexer 

E, 310. 

[0027] FIG. 6 is a schematic diagram of an embodiment of cross link multiplexer 

EjXAUI 502. 

[0028] FIG. 7 is a schematic diagram of an embodiment of two-way bus driver 

E| | 506. 

[0029] FIG. 8 is a schematic diagram of an embodiment of three-way bus driver 

E 14 512. 

[0030] FIG. 9 is a block diagram of an embodiment of cross link bus multiplexer 

H 2 324. 

[0031] FIG. 10 is a block diagram of an embodiment of parallel transmitter pad 

register H 2 XGMH 904. 
[0032] FIG. 1 1 is a block diagram of an embodiment of transmitter data pad delay 

circuit a.I 1014. 

[0033] FIG. 12 is a block diagram of an embodiment of transmitter clock pad 

delay circuit 1004. 

[0034] FIG. 13A is a schematic diagram of an embodiment of pad delay circuit 

a.I.Ol 1102. 
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[0035] FIG. 13B is a truth table 1380 that shows, as a function of the value of 

each of nodes N 9 1354, N 10 1356, and N u 1358, the delay buffer node that is 
connected to output 1364. 

[0036] FIG. 14 is a schematic diagram of an embodiment of transmitter pad 

register p.I 1030. 

[0037] FIGs. 15A and 15B show series of graphs 1500A and 1500B that depict 

a bit being processed by transmitter pad register p.I 1030 in response to, 
respectively, transmitter clock signal 1062 having a positive polarity and 
transmitter clock signal 1062 having a negative polarity. 

[0038] FIG. 16 is a schematic diagram of an embodiment of transmitter register 

multiplexer 1012. 

[0039] FIG. 17 is a block diagram of an embodiment of cross link bus 

multiplexer H, 322. 

[0040] FIG. 18 is a block diagram of an embodiment of parallel receiver pad 

register H,XGMn 1702. 
[0041] FIG. 19 is a schematic diagram of an embodiment of receiver pad 

multiplexer 1802. 

[0042] FIG. 20 is a schematic diagram of an embodiment of receiver pad register 

e.I 1818. 

[0043] FIGs. 21 A and 21B show series of graphs 2100A and 2100B that depict, 

for each delay flip-flop of receiver pad register e.I 1 8 1 8, a bit being processed in 
response to, respectively, multiplexer output fast clock signal 1814 having a 
positive polarity and multiplexer output fast clock signal 1814 having a negative 
polarity. 

[0044] FIG. 22 is a schematic diagram of an embodiment of receiver pad delay 

circuit M 1840. 

[0045] FIG. 23 shows a flow chart of a method 2300 for conveying a signal 

across a cross link multiplexer bus. 
[0046] FIG. 24 shows a flow chart of a method 2400 for conveying, in parallel, 

bits of a character of a signal across a cross link multiplexer bus. 
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[0047] FIG. 25 shows a flow chart of a method 2500 for conveying a signal 

across a cross link multiplexer bus. 

[0048] FIG. 26 shows a flow chart of a method 2600 for an embodiment of 

converting the signal from the first format to the second format. 

[0049] FIG. 27 shows a flow chart of a method 2700, in a cross link multiplexer 

bus configured to convey a signal in which a character is represented by a first bit 
and a second bit, for synchronizing the first bit and the second bit. 

[0050] FIG. 28 shows a flow chart of a method 2800, in a cross link multiplexer 

bus having a plurality of substantially parallel interconnects coupled between a 
pair of adjacent cross link multiplexers, for reducing cross-talk. 

[0051] FIG. 29 shows a flow chart of a method 2900, in a cross link multiplexer 

bus having a plurality of substantially parallel interconnects coupled between a 
pair of adjacent cross link multiplexers, for reducing cross-talk. 

[0052] The preferred embodiments of the invention are described with reference 

to the figures where like reference numbers indicate identical or functionally 
similar elements. Also in the figures, the left most digit of each reference number 
identifies the figure in which the reference number is first used. 

DETAILED DESCRIPTION OF THE INVENTION 

[0053] The cross link multiplexer bus of the present invention comprises a 

collection of bus multiplexers arranged so that each bus multiplexer is 
substantially equidistant from all of its adjacent bus multiplexers. In a two- 
dimensional embodiment, such an arrangement can be realized with a 
substantially circular configuration. In a three-dimensional embodiment, such an 
arrangement can be realized with a substantially spherical configuration. Rather 
than conveying a signal received at a destination port directly to an origin port, 
a signal received at a destination port of a multiplexer of the bus of the present 
invention is routed to an origin port outside of the multiplexer in multiple 
directions via adjacent multiplexers. To facilitate maintaining signals in 
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synchronization as they are simultaneously conveyed from a first bus multiplexer 
to an adjacent second bus multiplexer, the bus of the present invention can be 
configured so that the lengths of all of the interconnects between two adjacent 
multiplexers are substantially the same. 

[0054] FIG. 2 is a block diagram of an example of a cross link multiplexer bus 

200 in the manner of the present invention. Bus 200 includes, for example, four 
bus multiplexers: A 202, B 204, C 206, and D 208 arranged in a substantially 
circular configuration. In bus 200, the distance between adjacent multiplexers A 
202 and B 204 is substantially the same as the distance between adjacent 
multiplexers A 202 and D 208. Likewise, the distance between adjacent 
multiplexers C 206 and B 204 is substantially the same as the distance between 
adjacent multiplexers C 206 and D 208. Bus 200 could be configured to include 
more or fewer bus multiplexers. 

[0055] Advantageously, with the bus multiplexers arranged in a substantially 

circular configuration, a bus multiplexer can be configured with at least one 
internal port (located near the center of the circular configuration) and at least one 
external port (located along the circumference of the circular configuration). For 
example, multiplexer A 202 has at least one internal port A^ 210 and at least one 
external port A op 212, multiplexer B 204 has at least one internal port B ip 2 1 4 and 
at least one external port B op 216, multiplexer C 206 has at least one internal port 
C ip 2 1 8 and at least one external port C op 220, and multiplexer D 208 has at least 
one internal port D ip 222 and at least one external port D op 224. Each at least one 
internal port can receive and transmit at least one internal signal: A ip 210 can 
receive and transmit A^, B ip 214 can receive and transmit B i9 C ip 218 can receive 
and transmit Q, and D ip 222 can receive and transmit Likewise, each at least 
one external port can receive and transmit at least one external signal: A op 212 
can receive and transmit A Q , B op 216 can receive and transmit B G , C op 220 can 
receive and transmit C G , and D op 224 can receive and transmit D Q . 

[0056] Rather than conveying a signal received at a destination port directly to 

an origin port, a signal received at a destination port of a multiplexer of bus 200 
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can be routed to an origin port outside of the multiplexer in two directions via 
adjacent multiplexers. For example, signal is received by internal port 2 1 0 
of multiplexer A 202. If the origin port of signal A, is not at multiplexer A 202 
(e.g., it is not external port A op 212), multiplexer A 202 routes signal A^ to 
multiplexer B 204 via an interconnect A^B 258 and to multiplexer D 208 via an 
interconnect A ir D 260. If the origin port of signal A i is at multiplexer B 204, 
multiplexer B 204 routes signal A^ to its origin port. Otherwise, multiplexer B 
204 routes signal Aj to multiplexer C 206 via an interconnect A^C 262. Likewise, 
if the origin port of signal A^ is at multiplexer D 208, multiplexer D 208 routes 
signal Ai to its origin port. Otherwise, multiplexer D 208 routes signal A^ to 
multiplexer C 206 via an interconnect A^C 264. If the origin port of signal A^ is 
not at multiplexers A 202, B 204, or D 208, then the origin port of signal A^ is at 
multiplexer C 206. 

[0057] At any given point in time, an interconnect can only convey a finite 

number of signals. Therefore, a signal should not unnecessarily be conveyed 
from multiplexer to multiplexer. To avoid this, bus 200 can be configured so that 
the signal is not routed beyond a multiplexer that is the maximum number of 
adjacent multiplexers removed from the multiplexer of the destination port. For 
example, signal A^ is not routed beyond multiplexer C 206. Multiplexer C 206 
is two adjacent multiplexers removed from multiplexer A 202, which for bus 200 
is the maximum number of multiplexers removed from the multiplexer of the 
origin port. Signal A D is likewise not routed beyond multiplexer C 206. Signals 
Bj and B G are not routed beyond multiplexer D 208; signals Q and C 0 are not 
routed beyond multiplexer A 202; and signals D f and D Q are not routed beyond 
multiplexer B 204. 

[0058] Often a first device coupled to a first bus multiplexer of bus 200 will 

simultaneously need to convey more than one signal to a second device coupled 
to a second bus multiplexer of bus 200. In this situation it can be important that 
the signals remain synchronized as they are conveyed. To facilitate this, bus 200 
can be configured so that the lengths of all of the interconnects between two 
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adjacent multiplexers are substantially the same. By having the lengths of all of 
the interconnects between two adjacent multiplexers substantially the same, the 
time consumed for the signals to traverse their respective interconnects (i.e., the 
path delay time) should be substantially the same. For example, a first device 
(not shown) coupled to multiplexer A 202 may simultaneously need to 
communicate signals and A Q to a second device (not shown) coupled to 
multiplexer B 204. To facilitate synchronization between signals A^ and A Q , 
interconnects A^B 258 and A ol B 226 are configured to have the same length. 
Interconnect A^B 258 measures, for example, six units along the abscissa and five 
units along the ordinate for a total length of eleven units. Likewise, interconnect 
A^B 226 measures two units along the abscissa and nine units along the ordinate 
for a total length of eleven units. 

[0059] The two-dimensional configuration of bus 200 can be extended to a third 

dimension. In bus 200, multiplexers B 204 and D 208 are substantially aligned 
along an x-axis and multiplexers A 202 and C 206 are substantially aligned along 
a y-axis. The y-axis is perpendicular to the x-axis. A z-axis (not shown), which 
extends into and out of the page and is perpendicular to both the x- and y-axes, 
could be added. Two additional multiplexers (not shown) could be added and 
substantially aligned along the z-axis. The bus multiplexers would be arranged 
in a substantially spherical configuration. In such a three-dimensional 
configuration, each multiplexer would have four adjacent multiplexers. The 
distance between any two adjacent multiplexers would be substantially the same 
as the distance between any other two adjacent multiplexers. From any given 
multiplexer, interconnects would be routed to each of its adjacent multiplexers. 
The lengths of all of the interconnects between any two adjacent multiplexers 
would be substantially the same. 

[0060] FIG. 3 A is a block diagram of an embodiment of a cross link multiplexer 

bus 300 in the manner of the present invention. Bus 300 includes, for example, 
four cross link bus multiplexer pairs: E 302, F 304, G 306, and H 308 arranged 
in a substantially circular configuration. Each cross link bus multiplexer bus pair 

1875.3640003 



-13- 



can comprise two cross link bus multiplexers that are coupled together by 
interconnects. For example, bus multiplexer pair E 302 comprises bus 
multiplexers E, 310 and E 2 312; bus multiplexer pair F 304 comprises bus 
multiplexers F 1 314 and F 2 316; bus multiplexer pair G 306 comprises bus 
multiplexers Gj 318 and G 2 320; and bus multiplexer pair H 308 comprises bus 
multiplexers H 1 322 and H 2 324. In bus 300, the distance between adjacent 
multiplexer pairs E 302 and F 304 is substantially the same as the distance 
between adjacent multiplexer pairs E 302 and H 308. Likewise, the distance 
between adjacent multiplexer pairs G 306 and F 304 is substantially the same as 
the distance between adjacent multiplexer pairs G 306 and H 308. The lengths 
of all of the interconnects between two adjacent multiplexer pairs are 
substantially the same. 
[0061] Bus 300 can be configured to convey signals formatted according to a 

variety of physical layer communications protocols, and to convert signal formats 
from one communications protocol to another. For example, bus 300 can be 
configured to support the 10 Gigabit Attachment Unit Interface (XAUT) protocol, 
the Converged Data Link (CDL) protocol, and the 1 0 Gigabit Media Independent 
Interface (XGMII) protocol. XGMII protocol and CDL protocol are examples of 
parallel formatted protocols, while XAUI protocol is an example of a serial 
formatted protocol. Each of these protocols can use data bits and control bits to 
represent a character. Depending upon variations in data rate, bit width, or both, 
different numbers of data bits can be used. For example, each of these protocols 
has a 40-bit configuration and an 80-bit configuration. Devices that implement 
each of these protocols will first assemble the bits that represent the character in 
a register before transmitting them according to the protocol. For XGMII 
protocol and CDL protocol, the bits are simultaneously transmitted in parallel. 
For XAUI protocol, the bits are divided into four lanes. Each lane has an equal 
number of bits. The bits in each lane are transmitted in series, but the four lanes 
are simultaneously transmitted in parallel. However, in terms of interfacing with 
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bus 300 or communicating within it, all of the bits are simultaneously transmitted 
and received in parallel. 

[0062] In an embodiment, interconnects in bus 300 that communicate power, 

ground, or control bits can be positioned between interconnects that communicate 
data bits in order to reduce cross-talk due to inductive and capacitive couplings. 
Furthermore, if interconnects in bus 300 are fabricated in different layers within 
an integrated circuit chip, then interconnects in a first layer that communicate 
power, ground, or control bits can be positioned above or below interconnects in 
a second layer that communicate data bits in order to reduce cross-talk. For 
example, FIGs. 3B and 3C show exemplary configurations of interconnects in the 
manner of the present invention. 

[0063] FIG. 3B shows portions of a set 375 of interconnects configured in a 

manner to reduce cross-talk: a 376, b 377, c 378, d 379, and e 380. Interconnects 
a 376, b 377, c 378, d 379, and e 380 can be aligned substantially along an x-axis. 
Interconnects a 376, b 377, c 378, d 379, and e 380 can be fabricated on a 
common layer within an integrated circuit chip. Interconnect a 376 can be 
configured to convey a first data bit. Interconnect b 377 can be configured to 
convey a control bit. Interconnect c 378 can be configured to convey a second 
data bit. Interconnect d 379 can be configured to convey a power supply voltage 
(or ground). Interconnect e 380 can be configured to convey a third data bit. 

[0064] FIG. 3C shows cross-section portions of a set 385 of interconnects 

configured in a manner to reduce cross-talk: a 376, b 377, c 378, d 379, f 386, g 

387, h 388, and i 389. Interconnects a 376, b 377, c 378, d 379, f 386, g 387, h 

388, and i 389 can be aligned substantially along an x-axis (not shown), which 
extends into and out of the page and is perpendicular to both the y- and z-axes. 
Interconnects a 376, b 377, c 378, and d 379 can be fabricated on a first layer 390 
within an integrated circuit chip, and interconnects f 386, g 387, h 388, and i 389 
can be fabricated on a second layer 391 within the integrated circuit chip. 
Interconnect a 376 can be configured to convey a first data bit. Interconnect b 
377 can be configured to convey a first control bit. Interconnect c 378 can be 
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configured to convey a second data bit. Interconnect d 379 can be configured to 
convey a power supply voltage. Interconnect f 386 can be configured to convey 
ground. Interconnect g 387 can be configured to convey a third data bit. 
Interconnect h 388 can be configured to convey a second control bit. Interconnect 
i 389 can be configured to convey a fourth data bit. 
[0065] Returning to FIG. 3 A, external ports of the multiplexers can be configured 

to receive and to transmit signals formatted according to the appropriate protocol. 
For example, multiplexers E, 3 1 0, E 2 3 1 2, G x 3 1 8, and G 2 320 have, respectively, 
external ports X E1X 326, X E2X 328, X G1X 330, and X^x 332 that can receive and 
transmit XGMII protocol signals, and, respectively, external ports X E1C 334, X E2C 
336, X G1C 338, and X G2C 340 that can receive and transmit CDL protocol signals. 
Multiplexers F, 314 and Hj 322 have, respectively, external ports X F1T 342 and 
X H1X 344 that can transmit XAUI protocol signals. Multiplexers F 2 316 and H 2 
324 have, respectively, external ports X^ 346 and X mR 348 that can receive 
XAUI protocol signals. Additionally, multiplexer pairs F 304 and H 308 can each 
have loop back ports that can transmit serial formatted signals from one 
multiplexer in the pair and can receive serial formatted signals at the other 
multiplexer in the pair. For example, multiplexers F, 314 and H, 322 have, 
respectively, loop back ports Lp 1T 350 and Lh 1T 352 that can transmit serial 
formatted signals, and multiplexers F 2 316 and H 2 324 have, respectively, loop 
back ports L^r 354 and 356 that can receive serial formatted signals. 
Multiplexers F t 314 and H, 322 can also have, respectively, external ports X F1R 
358 and X H1R 360 that can receive serial formatted signals. The serial formatted 
signals received by external ports X F1R 358 and X H1R 360 can be used to test bus 
300. 

[0066] FIG. 3D is a block diagram of an embodiment of a serial/deserializer 

circuit 395 in which the present invention can reside. Circuit 395 includes cross 
link multiplexer bus 300 and four serial-to-parallel converters: j 396, k 397, 1 
398, and m 399. Serial-to-parallel converters j 396, k 397, 1 398, and m 399 
convert signals formatted according to a serial protocol (e.g., XUAI protocol) to 
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a parallel format for interfacing with bus 300. Serial-to-parallel converter j 396 
interfaces with external port X E1X 326. Serial-to-parallel converter k 397 
interfaces with external port X E2X 328. Serial-to-parallel converter 1 398 
interfaces with external port X G2X 332. Serial-to-parallel converter m 399 
interfaces with external port X^x 330. 

[0067] Returning to FIG. 3A, a logic core (not shown) can be located 

substantially at the center of the circular configuration. Some of the multiplexers 
can have internal ports coupled to the logic core. The arrangement of such 
internal ports is dictated by the configuration of the logic core. For example, 
multiplexer G, 3 1 8 has two internal ports, I, 362 and I 2 364, that can receive and 
transmit signals from the logic core. Multiplexer Fj 314 has an internal port I 3 
366 that can receive and transmit signals from the logic core. Multiplexer F 2 3 1 6 
has an internal port I 4 368 that can receive and transmit signals from the logic 
core. The signals associated with the internal ports can be parallel formatted. For 
example, signals can be received by the multiplexers from the logic core, 
communicated within bus 300, and transmitted by the multiplexers to the logic 
core in the same format as described above for CDL protocol signals. 

[0068] At least one of the multiplexers can have an internal port coupled to a 

Packet Bit Error Rate Tester (PBERT) (not shown). For example, multiplexer H 2 
324 has an internal port I 5 370 that can receive and transmit signals from the 
PBERT. PBERT signals can be parallel formatted. For example, PBERT signals 
can be received by the multiplexers from internal port I 5 370, communicated 
within bus 300, and transmitted by the multiplexers to internal port I 5 370 in the 
same format as described above for CDL protocol signals. The PBERT is a Built- 
in Self Test circuit. The PBERT can preclude the need to perform expensive 
external testing of bus 300 after it is manufactured. Therefore, the PBERT can 
be conducive to manufacturing bus 300 in commercial quantities at a reasonable 
cost. 

[0069] In an embodiment, XAUI protocol and CDL protocol signals can be 

received by the multiplexers from outside of bus 300 and can be communicated 
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within bus 300 in the following format each clock cycle: forty data bits, four link 
bits, four lock bits, four clock bits, four fast clock bits, and one CLOCK MODE 
SELECT bit. In an embodiment, CDL protocol signals can be transmitted by the 
multiplexers outside of bus 300 in the following format each clock cycle: eighty 
data bits, four link bits, four lock bits, four clock bits. In an embodiment, XAUI 
protocol signals can be transmitted by the multiplexers outside of bus 300 in the 
following format each clock cycle: eighty data bits and four clock bits. 
[0070] In both protocols, a stream of clock cycles can be represented as 1,2, 3, 

4, . . . , and a corresponding stream of data for characters can be represented as 
Z,, Z 2 , Z 3 , Z 4 , . . . . Each of the data for characters corresponds to forty data bits. 
If, for stream of clock cycles 1, 2, 3, 4, ... , stream of data for characters Z ls Z 2 , 
Z 3 , Z 4 , . . . is received by the multiplexers from outside of bus 300 and 
communicated within bus 300, then a corresponding stream of data for two 
characters Z 2 Z l9 Z 3 Z 2 Z 4 Z 3 , . . . can be transmitted by the multiplexers outside of 
bus 300. Each of the data for two characters (e.g., Z 2 Z,), corresponds to eighty 
data bits. Within the eighty data bits, at a first clock cycle, the forty least 
significant bits are used for data for a first character (e.g., Zj) from the stream of 
data characters, while the forty most significant bits are used for data for a second 
character (e.g., Z 2 ) from the stream of data for characters. The data for the second 
character (e.g., Z 2 ) follows the data for the first character (e.g., Z,) in the stream 
of data for characters. At a second clock cycle, the forty least significant bits are 
used for data for the second character (e.g., Z 2 ), while the forty most significant 
bits are used for data for a third character (e.g., Z 3 ) from the stream of data for 
characters. The second clock cycle follows the first clock cycle in the stream of 
clock cycles. The data for the third character (e.g., Z 3 ) follows the data for the 
second character (e.g., Z 2 ) in the stream of data for characters. Thus, within the 
stream of data for two characters, data for each character from the stream of data 
for characters is transmitted twice: first within the forty most significant bits of 
the eighty data bits, then within the forty least significant bits of the eighty data 
bits. 
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[0071] In an embodiment, XGMII protocol signals can be received by the 

multiplexers from outside of bus 300 in the following format each clock cycle: 
forty data bits, four lock bits, four clock bits, three MODE SELECT bits, and 
(optionally) one DIFFERENTIAL CLOCK MODE SELECT bit. In an 
embodiment, XGMII protocol signals can be communicated by the multiplexers 
within bus 300 in the following format each clock cycle: eighty data bits, four 
lock bits, four clock bits, and one CLOCK MODE SELECT bit. In an 
embodiment, XGMII protocol signals can be transmitted by the multiplexers 
outside of bus 300 in the following format: forty data bits, four clock bits, and 
four output enable bits. Additionally, bus 300 can support a variety of modes by 
which XGMII protocol signals can be communicated. These modes vary based 
upon clock formatting, rate, polarity, and the like. 

[0072] As is done with XAUI protocol and CDL protocol signals when they are 

reformatted from forty data bits to eighty data bits, when XGMII protocol signals 
are reformatted from forty data bits to eighty data bits, data for each character is 
transmitted twice. When a clock signal of a received XGMII protocol signal has 
a positive polarity, data for each character is transmitted first within the forty 
most significant bits of the eighty data bits, then within the forty least significant 
bits of the eighty data bits (e.g., Z 2 Z l5 Z 3 Z 2 , Z 4 Z 3 , . . .). When a clock signal of a 
received XGMII protocol signal has a negative polarity, data for each character 
is transmitted first within the forty least significant bits of the eighty data bits, 
then within the forty most significant bits of the eighty data bits (e.g., Z,Z 2 , Z 2 Z 3 , 
Z 3 Z 4 , . . .). 

[0073] As described above, bus 300 can communicate fifteen different signals: 

XAUI protocol signals from each of external ports X E1X 326, X E2X 328, X^x 330, 
and Xg2x 332, CDL protocol signals from each of external ports X E1C 334, X E2C 
336, Xq IC 338, and X G2C 340, and parallel formatted signals from each of internal 
ports I, 362, 1 2 364, 1 3 366, 1 4 368, and I 5 370, and XGMII protocol signals from 
each of external ports 346 and X mR 348. FIG. 4 shows a table 400 that 
summarizes, for different protocols, the formatting of signals received from 
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outside of bus 300, communicated within bus 300, and transmitted to outside of 
bus 300. 

[0074] FIG. 5 is a block diagram of an embodiment of cross link bus multiplexer 

E, 3 1 0. Bus multiplexer Ej 3 1 0 comprises two cross link multiplexers: E,XAUI 
502 and E,CDL 504, two three-way bus drivers: E I 4 512 and E, 8 520, and 
thirteen two-way bus drivers: E M 506, Ej 2 508, E 13 510, E 15 514, E, 6 516, E, 7 
518, E, 9 522, E L10 524, E MI 526, E L12 528, E, 13 530, E U4 532, and E XA5 534. 
Each of the bus drivers can receive a signal and transmit it to cross link 
multiplexers E^AUI 502 and E,CDL 504. Bus multiplexer E, 3 10 has external 
port X E1X 326 that can receive and transmit XAUI protocol signals. Bus 
multiplexer E, 3 10 also has external port X E1C 334 that can receive and transmit 
CDL protocol signals. 

[0075] Two-way bus driver E u 506 can receive a XAUI protocol signal from 

external port Xg, x 330 via bus multiplexer E 2 312. Two-way bus driver E, 2 508 
can receive a XAUI protocol signal from external port Xg 2x 332 via bus 
multiplexer H 2 324. Two-way bus driver Ej 3 510 can receive a XAUI protocol 
signal from external port X E2X 328. Driver E l 3 5 1 0 can transmit this signal to bus 
multiplexer Hj 322 via bus multiplexer H 2 324. Three-way bus driver E, 4 5 12 
can receive a XAUI protocol signal from external port X EIX 326. Driver E, 4 512 
can transmit this signal to bus multiplexer G 2 320 via bus multiplexer H 2 324 and 
to bus multiplexer G! 318 via bus multiplexer F, 314. 

[0076] Two-way bus driver E l5 514 can receive a CDL protocol signal from 

external port X G1C 338 via bus multiplexer E 2 312. Two-way bus driver E l 6 516 
can receive a CDL protocol signal from external port Xq 2C 340 via bus 
multiplexer H 2 324. Two-way bus driver E, 7 518 can receive a CDL protocol 
signal from external port X E2C 336. Driver E, 7 5 1 8 can transmit this signal to bus 
multiplexer H, 322 via bus multiplexer H 2 324. Three-way bus driver E } 8 520 
can receive a CDL protocol signal from external port X E1C 334. Driver E, 8 520 
can transmit this signal to bus multiplexer G 2 320 via bus multiplexer H 2 324 and 
to bus multiplexer G, 318 via bus multiplexer ¥\ 314. 
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[0077] Two-way bus driver E! 9 522 can receive an XGMII protocol signal from 

external port 346 via bus multiplexer E 2 3 12. Driver E, 9 522 can transmit 
this signal to bus multiplexer H 2 324. Two-way bus driver E! 10 524 can receive 
an XGMII protocol signal from external port X mR 348. Driver E lA0 524 can 
transmit this signal to bus multiplexer F, 314 via bus multiplexer E 2 312. 

[0078] Two-way bus driver E M1 526 can receive a PBERT signal from internal 

port I 5 370. Driver E u x 526 can transmit this signal to bus multiplexer F, 3 14 via 
bus multiplexer E 2 312. 

[0079] Two-way bus driver E ll2 528 can receive a signal from internal port I, 362 

via bus multiplexer E 2 312. Two-way bus driver E, 13 530 can receive a signal 
from internal port I 2 364 via bus multiplexer E 2 312. Two-way bus driver E U4 
532 can receive a signal from internal port I 3 366 via bus multiplexer E 2 312. 
Driver E l A4 532 can transmit this signal to bus multiplexer H 2 324. Two-way bus 
driver E l l5 534 can receive a signal from internal port I 4 368 via bus multiplexer 
E 2 3 12. Driver E M5 534 can transmit this signal to bus multiplexer H 2 324. 

[0080] Bus multiplexers E 2 3 12 and G 2 320 can each be configured in a similar 

manner to that of bus multiplexer E x 310. Bus multiplexer Gj 318 can also 
configured in a similar manner to that of bus multiplexer E, 310, but bus 
multiplexer Gj 318 also comprises a third cross link multiplexer E^ORE! for 
routing signals received from and transmitted to internal port I, 358, and a fourth 
cross link multiplexer E,CORE 2 for routing signals received from and transmitted 
to internal port I 2 360. 

[0081 ] FIG. 6 is a schematic diagram of an embodiment of cross link multiplexer 

EjXAUI 502. Cross link multiplexer EjCDL 504 can be configured in a similar 
manner. Multiplexer E,XAUI 502 comprises a first multiplexer 601, a second 
multiplexer 602, a clock multiplexer 603, a fast clock multiplexer 604, and four 
common formatting circuits: I 605, II 606, in 607, and IV 608. 

[0082] First multiplexer 601 can receive sixteen signals. The sixteen signals 

include each of the fifteen different signals described above and a default signal. 
The bits of each signal are positioned as follows: forty data bits, four clock bits, 
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four fast clock bits, four link bits, four lock bits, and one CLOCK MODE 
SELECT bit. For the default signal, dummy bits are placed in the positions of all 
of the bits. For an XGMII protocol signal, dummy bits are placed in the positions 
of the forty data bits, the four clock bits, and the four link bits. For an XGMII 
protocol signal, its four clock bits are placed in the positions of the four fast clock 
bits. First multiplexer 601 can transmit a forty bit 40-bit data signal 609, a four 
bit input clock signal 610, a four bit fast clock signal 61 1, a four bit link signal 
612, a four bit lock signal 613, and a one bit CLOCK MODE SELECT signal 
614. Second multiplexer 602 can receive XGMII protocol data signals from each 
of multiplexers F 2 3 1 6 and H 2 324. Second multiplexer 602 can transmit an input 
80-bit data signal 615 (eighty bits). First and second multiplexers 601 and 602 
can also receive a four bit DATA SELECT signal 616 to determine which one of 
the sixteen signals will be transmitted from external port X E1X . An OR gate 617 
can also receive DATA SELECT signal 616 to determine whether it is set to 
select one of the two XGMII data signals. 
[0083] First multiplexer 601 can transmit lock signal 613 to external port X EIX 

326. Input clock signal 610 and fast clock signal 611 can be configured for two 
modes of operation. In a first mode 6 1 8, all four bits of each of input clock signal 
610 and fast clock signal 61 1 are transmitted in parallel along four interconnect 
routes (only one interconnect route is shown in FIG. 6). In a second mode 619, 
one of the four bits of each of input clock signal 610 and fast clock signal 61 1 is 
transmitted in parallel along each of the four interconnect routes. For example, 
in second mode 619 the second least significant bit of the four bits of each of 
input clock signal 610 and fast clock signal 61 1 is transmitted in parallel along 
each of the four interconnect routes. Clock multiplexer 603 and fast clock 
multiplexer 604 can receive, respectively, input clock signal 610 (both first mode 
618 and second mode 619) and fast clock signal 611 (both first mode 618 and 
second mode 619). Clock multiplexer 603 and fast clock multiplexer 604 can 
also receive CLOCK MODE SELECT signal 614 to determine which of first 
mode 618 and second mode 619 will be transmitted to common formatting 
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circuits: 1 605, H 606, m 607, and IV 608. First multiplexer 601 can transmit 40- 
bit data signal 609 and link signal 613 to common formatting circuits: I 605, II 
606, in 607, and IV 608. Second multiplexer 602 can transmit input 80-bit data 
signal 615 to common formatting circuits: I 605, II 606, in 607, and IV 608. 
[0084] Each common formatting circuit can receive ten data bits (e.g., a lane) 

from 40-bit data signal 609 and twenty data bits from input 80-bit data signal 615. 
Each common formatting circuit can also receive one bit from each of input clock 
signal 610, fast clock signal 611, and link signal 612. Each common formatting 
circuit can transmit twenty data bits of an output 80-bit data signal 620 to external 
port X E1X 326. Each common formatting circuit can also transmit one bit to each 
of an output clock signal 621 and link signal 612 to external port X E1X 326. (For 
XAUI protocol signals, link signal 612 and lock signal 613 are not transmitted 
outside of bus 300.) 

[0085] Common formatting circuit 1 605 comprises five delay flip-flops: La 622, 

Lb 623, Lc 624, 1.d 625, and I.e 626, a higher bit multiplexer I.HBM 627, a lower 
bit multiplexer I.LBM 628, and a delayed clock multiplexer I.DCM 629. The one 
bit from fast clock signal 61 1 is used to clock all of the delay flip-flops. Each 
delay flip-flop is default enabled. However, the one bit from clock signal 610 is 
used to disable each of delay flip-flops La 622, Lb 623, and Lc 624. Common 
formatting circuit I 605 can receive the 1 st through 10 th least significant bits of 
40-bit data signal 609, the 1 st through 1 0 th least significant bits of input 80-bit data 
signal 615, and the 41 st through 50 th least significant bits of input 80-bit data 
signal 615. Common formatting circuit I 605 can produce the 1 st through 10 th 
least significant bits of output 80-bit data signal 620 and the 41 st through 50 th least 
significant bits of output 80-bit data signal 620. 

[0086] Common formatting circuit II 606 comprises five delay flip-flops: II. a 

630, H.b 631, H.c 632, H.d 633, and H.e 634, a higher bit multiplexer ELHBM 
63 5 , a lower bit multiplexer n.LBM 636, and a delayed clock multiplexer II.DCM 
637. The one bit from fast clock signal 61 1 is used to clock all of the delay flip- 
flops. Each delay flip-flop is default enabled. However, the one bit from clock 
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signal 610 is used to disable each of delay flip-flops n.a 630, lib 631, and n.c 
632. Common formatting circuit H 606 can receive the 11 th through 20 th least 
significant bits of 40-bit data signal 609, the 1 1 th through 20 th least significant bits 
of input 80-bit data signal 615, and the 51 st through 60 th least significant bits of 
input 80-bit data signal 615. Common formatting circuit II 606 can produce the 
1 1 th through 20 th least significant bits of output 80-bit data signal 620 and the 5 1 st 
through 60 th least significant bits of output 80-bit data signal 620. 
[0087] Common formatting circuit HI 607 comprises five delay flip-flops: IQ.a 

638, m.b 639, m.c 640, m.d 641 , and m.e 642, a higher bit multiplexer m.HBM 
643, a lower bit multiplexer E1LBM 644, and a delayed clock multiplexer 
1H.DCM 645. The one bit from fast clock signal 61 1 is used to clock all of the 
delay flip-flops. Each delay flip-flop is default enabled. However, the one bit 
from clock signal 610 is used to disable each of delay flip-flops EH.a 638, Dl.b 

639, and m.c 640. Common formatting circuit m 607 can receive the 21 st 
through 30 th least significant bits of 40-bit data signal 609, the 21 st through 30 th 
least significant bits of input 80-bit data signal 615, and the 61 st through 70 th least 
significant bits of input 80-bit data signal 615. Common formatting circuit m 
607 can produce the 21 st through 30 th least significant bits of output 80-bit data 
signal 620 and the 61 st through 70 th least significant bits of output 80-bit data 
signal 620. 

[0088] Common formatting circuit IV 608 comprises five delay flip-flops: IV.a 

646, m.b 647, m.c 648, m.d 649, and m.e 650, a higher bit multiplexer m.HBM 
651, a lower bit multiplexer m.LBM 652, and a delayed clock multiplexer 
m.DCM 653. The one bit from fast clock signal 61 1 is used to clock all of the 
delay flip-flops. Each delay flip-flop is default enabled. However, the one bit 
from clock signal 610 is used to disable each of delay flip-flops IV.a 646, IV.b 

647, and IV.c 648. Common formatting circuit IV 608 can receive the 31 st 
through 40 th least significant bits of 40-bit data signal 609, the 31 st through 40 th 
least significant bits of input 80-bit data signal 615, and the 71 st through 80 th least 
significant bits of input 80-bit data signal 615. Common formatting circuit IV 
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608 can produce the 31 st through 40 th least significant bits of output 80-bit data 
signal 620 and the 71 st through 80 th least significant bits of output 80-bit data 
signal 620. 

[0089] A one bit RESET signal 654 can be used to reset the delay flip-flops in all 

of the common formatting circuits. The delay flip-flops are used to synchronize 
bits of a signal. Although the lengths of all of the interconnects between two 
adjacent multiplexer pairs are substantially the same, the bits can become 
unsynchronized due to coupling phase shifts, variations in the timing of wave 
formations, and the like. Also, limitations in fabrication processes can result in 
differences in interconnect lengths. In these situations, the bits can be received 
by the delay flip-flops at various points in time of a clock cycle (unsynchronized). 
However, once received by the delay flip-flops, the bits are stored and then, at the 
next clock cycle, transmitted at the same point in time of that clock cycle 
(synchronized). In this manner variations in the time consumed for the bits to 
traverse their respective interconnects (i.e., the path delay times) are compensated 
by the time consumed for the bits to traverse across the cross link multiplexer 
(i.e., the gate delay times). A bit that traverses its interconnect "quickly" will 
arrive at its delay flip-flop "early" where it will "wait" for the other bits to arrive. 
Thus, the path delay time and the gate delay time complement each other to yield 
a substantially constant total delay time. 

[0090] Higher bit multiplexer I.HBM 627 can receive the 41 st through 50 th least 

significant bits of input 80-bit data signal 615 and the 1 st through 10 th least 
significant bits of 40-bit data signal 609. Lower bit multiplexer I.LBM 628 can 
receive the 1 st through 10 th least significant bits of input 80-bit data signal 615. 
Higher bit multiplexer ELHBM 635 can receive the 51 st through 60 th least 
significant bits of input 80-bit data signal 615 and the 11 th through 20 th least 
significant bits of 40-bit data signal 609. Lower bit multiplexer II.LBM 636 can 
receive the 1 1 th through 20 th least significant bits of input 80-bit data signal 615. 
Higher bit multiplexer m.HBM 643 can receive the 61 st through 70 th least 
significant bits of input 80-bit data signal 615 and the 21 st through 30 th least 
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significant bits of 40-bit data signal 609. Lower bit multiplexer ULLBM 644 can 
receive the 21 st through 30 th least significant bits of input 80-bit data signal 615. 
Higher bit multiplexer IV.HBM 651 can receive the 71 st through 80 th least 
significant bits of input 80-bit data signal 615 and the 31 st through 40 th least 
significant bits of 40-bit data signal 609. Lower bit multiplexer IV.LBM 652 can 
receive the 31 st through 40 th least significant bits of input 80-bit data signal 615. 

[0091 ] Each higher bit multiplexer, each lower bit multiplexer , and each delayed 

clock multiplexer can also receive an output of OR gate 6 1 7 to determine whether 
serial or parallel formatted signals will be processed by the common formatting 
circuits. If DATA SELECT signal 616 is set to select one of the two XGMII 
protocol signals, then serial formatted signals will be processed; otherwise, 
parallel formatted signals will be processed. 

[0092] For example, in common formatting circuit I 605, if DATA SELECT 

signal 616 is set to select one of the two XGMII protocol signals, then serial 
formatted signals will be processed. Delay flip-flop La 622 is not used. As 
described above, input 80-bit data signal 615 comprises a stream of data for two 

characters Z 2 Z„ Z 3 Z 2 Z 4 Z 3 , At a first clock cycle: (1) the 41 st through 50 th 

least significant bits of input 80-bit data signal 615 can be transmitted through 
higher bit multiplexer I.HBM 627 and delay flip-flop Lb 623 to the 41 st through 
50 th least significant bits of output 80-bit data signal 620; (2) the 1 st through 10 th 
least significant bits of input 80-bit data signal 615 can be transmitted through 
lower bit multiplexer LLBM 628 and delay flip-flop Lc 624 to the 1 st through 1 0 th 
least significant bits of output 80-bit data signal 620; (3) the one dummy bit from 
link signal 612 can be transmitted through delay flip-flop I.d 625; and (4) the one 
bit from fast clock signal 611 can be transmitted through delayed clock 
multiplexer LDCM 629 to output clock signal 62 1 , rather than the one dummy bit 
from input clock signal 610 from delay flip-flop I.e 626. 

[0093] Common formatting circuits II 606, HI 607, and IV 608 can similarly 

transmit, respectively, the 51 st through 60 th and the 11 th through 20 th , the 61 st 
through 70 th and the 21 st through 30 th , and the 71 £! through 80 th and the 31 st 
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through 40 th least significant bits of input 80-bit data signal 615 to output 80-bit 
data signal 620. Thus, output 80-bit data signal 620 is, from its least to its most 
significant bit: the 1 st through 10 th , the 1 1 th through 20 th , the 21 st through 30 th , the 
31 st through 40 th , the 41 st through 50 th , the 51 st through 60 th , the 61 st through 70 th , 
and the 71 st through 80 th least significant bits of input 80-bit data signal 615. As 
described above, within output 80-bit data signal 620, the forty least significant 
bits are used for data for a first character and the forty most significant bits are 
used for data for a second character. 

[0094] Alternatively, if DATA SELECT signal 616 is not set to select one of the 

two XGMII protocol signals, then parallel formatted signals will be processed. 
For example, in common formatting circuit 1 605, if DATA SELECT signal 616 
is not set to select one of the two XGMII protocol signals, then parallel formatted 
signals will be processed. As described above, 40-bit data signal 609 comprises 
a stream of data for characters that can be represented as Z u Z 2 , Z 3 , Z 4 , . . . . 

[0095] At a first clock cycle: (1) the 1 st through 10 th least significant bits of 40- 

bit data signal 609 for a first character (e.g., Z } ) can be transmitted through delay 
flip-flop La 622 and lower bit multiplexer I.LBM 628 to delay flip-flop Lc 624; 
(2) the 1 st through 10 th least significant bits of 40-bit data signal 609 for the first 
character (e.g., Z,) can be transmitted through higher bit multiplexer I.HBM 627 
and delay flip-flop Lb 623 to the 41 st through 50 th least significant bits of output 
80-bit data signal 620; (3) the one bit from link signal 612 for the first character 
can be transmitted through delay flip-flop I.d 625; and (4) the one bit from input 
clock signal 610 for the first character can be transmitted through delay flip-flop 
I.e 626 and delayed clock multiplexer I.DCM 629 to output clock signal 621, 
rather than the one bit from fast clock signal 611. 

[0096] At a second clock cycle: (1) the 1 st through 10 th least significant bits of 

40-bit data signal 609 for a second character (e.g., Z 2 ) can be transmitted through 
delay flip-flop La 622 and lower bit multiplexer I.LBM 628 to delay flip-flop Lc 
624; (2) the 1 st through 10 th least significant bits of 40-bit data signal 609 for the 
second character (e.g., Z^ can be transmitted through higher bit multiplexer 
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I.HBM 627 and delay flip-flop Lb 623 to the 41 st through 50 th least significant bits 
of output 80-bit data signal 620; (3) the 1 st through 10 th least significant bits of 
40-bit data signal 609 for the first character (e.g., Z x ) can be transmitted through 
delay flip-flop I.c 624 to the 1 st through 10 th least significant bits of output 80-bit 
data signal 620; (4) the one bit from link signal 612 for the second character can 
be transmitted through delay flip-flop Ld 625; and (5) the one bit from input clock 
signal 610 for the second character can be transmitted through delay flip-flop Le 
626 and delayed clock multiplexer LDCM 629 to output clock signal 621 , rather 
than the one bit from fast clock signal 611. 

[00971 Common formatting circuits II 606, m 607, and IV 608 can similarly 

transmit, respectively, the 11 th through 20 th , the 21 st through 30 th , and the 31 st 
through 40 th least significant bits of 40-bit data signal 609 for the first character 
(e.g., Z x ) to, respectively, the 1 1 th through 20 th , the 21 st through 30 th , and the 31 st 
through 40 th least significant bits of output 80-bit data signal 620. Common 
formatting circuits II 606, EI 607, and IV 608 can also transmit, respectively, the 
1 1 th through 20 th , the 21 st through 30 th , and the 31 st through 40 th least significant 
bits of 40-bit data signal 609 for the second character (e.g., Z 2 ) to, respectively, 
the 51 st through 60 th , the 61 st through 70 th , and the 71 st through 80 th least 
significant bits of output 80-bit data signal 620. Thus, output 80-bit data signal 
620 is, from its least to its most significant bit: the 1 st through 10 th , the 11 th 
through 20 th , the 21 st through 30 th , and the 31 st through 40 th least significant bits 
of 40-bit data signal 609 for the first character (e.g., Z,), and the 1 st through 10 th , 
the 11 th through 20 th , the 21 st through 30 th , and the 31 st through 40 th least 
significant bits of 40-bit data signal 609 for the second character (e.g., Z 2 ). 

[0098] FIG. 7 is a schematic diagram of an embodiment of two-way bus driver 

E, ! 506. Two-way bus drivers E L2 508, E 13 510, E, 5 514, E 16 516, E L7 518, E h9 
522, E, 10 524, E U1 526, E, 12 528, E U3 530, E 114 532, and E, 15 534 can each be 
configured in a similar manner. Bus driver E, , 506 comprises an input 702, a 
first output 704, a second output 706, a first delay buffer 708, a second delay 
buffer 710, and a node 712. Input 702 is coupled to node 712. First delay buffer 
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708 is coupled between node 712 and first output 704. Second delay buffer 710 
is coupled between node 712 and second output 706. A signal can be received 
at input 702, conveyed to first and second delay buffers 708 and 710, and 
conveyed, respectively, to first and second outputs 704 and 706. 
[0099] FIG. 8 is a schematic diagram of an embodiment of three-way bus driver 

E, 4 512. Three-way bus driver E, 8 520 can be configured in a similar manner. 
Bus driver E, 4 512 comprises an input 802, a first output 804, a second output 
806, a third output 808 , a first delay buffer 8 1 0, a second delay buffer 8 1 2, a third 
delay buffer 814, and a node 816. Input 802 is coupled to node 816. First delay 
buffer 810 is coupled between node 816 and first output 804. Second delay 
buffer 812 is coupled between node 816 and second output 806. Third delay 
buffer 814 is coupled between node 816 and third output 808. A signal can be 
received at input 802, conveyed to first, second, and third delay buffers 810,812, 
and 814, and conveyed, respectively, to first, second, and third outputs 804, 806, 
and 808. 

[0100] FIG. 9 is a block diagram of an embodiment of cross link bus multiplexer 

H 2 324. Bus multiplexer H 2 324 comprises a cross link multiplexer H 2 PBERT 
902, a parallel transmitter pad register H 2 XGMII 904, two three-way bus drivers: 
H 2 10 924 and H 2 u 926, and thirteen two-way bus drivers: H 2 ., 906, H 2 2 908, H 2 3 
910, H 24 912, H 2 5 914, H 2 6 916, H 2 7 918, H 28 920, H 2 9 922, H 2 12 928, H 213 930, 
H 2 14 932, and H 2 15 934. Each of the bus drivers can receive a signal and transmit 
it to cross link multiplexer H 2 PBERT 902. Cross link multiplexer H 2 PBERT 902 
can be configured in a similar manner as cross link multiplexer E 1 XAUI 502, 
described above with reference to FIG. 6. The two-way bus drivers can each be 
configured in a similar manner as two-way bus driver E, , 506, described above 
with reference to FIG. 7. The three-way bus drivers can each be configured in a 
similar manner as three-way bus driver E, 4 512, described above with reference 
to FIG. 8. Bus multiplexer H 2 324 has internal port I 5 370 that can receive and 
transmit signals from the PBERT. Bus multiplexer H 2 324 also has external port 
x h2r 348 that can receive XGMII protocol signals. Bus multiplexer H 2 324 also 
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has loop back port L^r 356 that can receive serial formatted signals from bus 
multiplexer H x 322. 

[0101] Two-way bus driver H 2 A 906 can receive a XAUI protocol signal from 

external port X<3 1X 330 via bus multiplexer H, 322. Two-way bus driver H 2 2 908 
can receive a XAUI protocol signal from external port 332 via bus 

multiplexer H x 322. Driver H 2 2 908 can transmit this signal to bus multiplexer 
E, 310. Two-way bus driver H 2 3 910 can receive a XAUI protocol signal from 
external port X E2X 328 via bus multiplexer E, 310. Driver H 2 3 910 can transmit 
this signal to bus multiplexer H, 322. Two-way bus driver H 2 4 912 can receive 
a XAUI protocol signal from external port X E1X 326. Driver H 2 4 912 can transmit 
this signal to bus multiplexer G 2 320 via bus multiplexer H, 322. 

[0102] Two-way bus driver H 25 914 can receive a CDL protocol signal from 

external port X G1C 338 via bus multiplexer H x 322. Two-way bus driver H 2 6 916 
can receive a CDL protocol signal from external port X^ 340 via bus 
multiplexer ¥L X 322. Driver H 2 6 916 can transmit this signal to bus multiplexer 
E, 310. Two-way bus driver H 2 7 918 can receive a CDL protocol signal from 
external port X E2C 336 via bus multiplexer E x 310. Driver H 2 7 918 can transmit 
this signal to bus multiplexer ¥L X 322. Two-way bus driver H 2 8 920 can receive 
a CDL protocol signal from external port X E j C 334. Driver H 2 g 920 can transmit 
this signal to bus multiplexer G 2 320 via bus multiplexer H, 322. 

[01 03] Two-way bus driver H 2 9 922 can receive an XGMII protocol signal from 

external port X RR 346 via bus multiplexer E x 3 10. Three-way bus driver H 2 10 924 
can receive an XGMII protocol signal from external port X ffiR 348 via parallel 
transmitter pad register H 2 XGMII 904. Driver H 2 , 0 924 can transmit this signal 
to bus multiplexer F, 314 via bus multiplexer E, 310 and to bus multiplexer F 2 
316 via bus multiplexer H, 322. 

[01 04] Three-way bus driver H 2 , , 926 can receive a PBERT signal from internal 

port I 5 370. Driver H 2 u 926 can transmit this signal to bus multiplexer F, 314 via 
bus multiplexer Ej 310 and to bus multiplexer F 2 316 via bus multiplexer H, 322. 
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[0105] Two-way bus driver H 2 12 928 can receive a signal from internal port I, 

362 via bus multiplexer Hj 322. Two-way bus driver H 2 13 930 can receive a 
signal from internal port I 2 364 via bus multiplexer H, 322. Two-way bus driver 
H 2 14 932 can receive a signal from internal port I 3 366 via bus multiplexer E x 3 1 0. 
Two-way bus driver H 2 15 934 can receive a signal from internal port I 4 368 via 
bus multiplexer Ej 310. 

[0106] Bus multiplexer F 2 316 can be configured in a similar manner to that of 

bus multiplexer H 2 324, but bus multiplexer F 2 316 includes, rather than cross 
link multiplexer H 2 PBERT 902, a cross link multiplexer F 2 CORE 4 for routing 
signals received from and transmitted to internal port I 4 364. 

[0107] FIG. 10 is a block diagram of an embodiment of parallel transmitter pad 

register H 2 XGMII 904. Parallel transmitter pad register H 2 XGMII 904 comprises 
a bank of transmitter data pad delay circuits a 1 002, a transmitter clock pad delay 
circuit 1 004, three banks of transmitter pad registers: P 1 006, y 1 008, and 81010, 
and a transmitter register multiplexer 1012. 

[0108] Bank of transmitter data pad delay circuits a 1002 comprises four 

transmitter data pad delay circuits: a.1 1014, a.H 1016, a.m 1018, and a.IV 1020. 
Each transmitter data pad delay circuit can receive ten data bits (e.g., a lane) of 
an XGMII protocol signal from external port X mK 348. Transmitter pad delay 
circuit a.1 1014 can receive the 1 st through 10 th least significant data bits 1022 of 
the XGMII protocol signal. Transmitter pad delay circuit a.n 1016 can receive 
the 1 1 th through 20 th least significant data bits 1024 of the XGMII protocol signal. 
Transmitter pad delay circuit a.III 1018 can receive the 21 st through 30 th least 
significant data bits 1026 of the XGMII protocol signal. Transmitter pad delay 
circuit a.IV 1 020 can receive the 3 1 st through 40 th least significant data bits 1 028 
of the XGMII protocol signal. 

[0109] Each transmitter data pad delay circuit can transmit its ten data bits to 

corresponding transmitter pad registers in each bank of transmitter pad registers: 
p 1006, y 1008, and 5 1010. Transmitter data pad delay circuit a.I 1014 can 
transmit the 1 st through 10 th least significant data bits 1022 to each of transmitter 
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pad registers p. 1 1030, y.1 1032, and 5.1 1034. Transmitter data pad delay circuit 
a.n 1 0 1 6 can transmit the 1 1 * through 20 th least significant data bits 1 024 to each 
of transmitter pad registers p.n 1036, y.II 1038, and 5. II 1040. Transmitter data 
pad delay circuit a.DI 1 0 1 8 can transmit the 2 1 st through 30 th least significant data 
bits 1026 to each of transmitter pad registers p.m 1042, y.m 1044, and 5.m 1046. 
Transmitter data pad delay circuit a.IV 1020 can transmit the 31 st through 40 th 
least significant data bits 1 028 to each of transmitter pad registers p.IV 1 048, y.IV 
1050, and5.IV 1052. 

[0110] Each transmitter data pad delay circuit can also receive a delay set bit 

stream 1054 and a delay set clock 1056. Each transmitter data pad delay circuit 
can transmit delay set bit stream 1054. Delay set bit stream 1054 and delay set 
clock 1 056 are described in greater detail below. Each transmitter data pad delay 
circuit comprises ten pad delay circuits. Each pad delay circuit comprises three 
delay flip-flops. A one bit RESET signal 1058 can be used to reset all of the 
delay flip-flops in all of the transmitter data pad delay circuits. 

[0111] Transmitter clock pad delay circuit 1 004 can receive a five bit transmitter 

clock pad delay clock signal 1060 from external port X mR 348. Five bit 
transmitter clock pad delay clock signal 1060 comprises a four bit transmitter 
clock signal 1062 from the XGMII protocol signal and, optionally, a one bit 
transmitter differential clock signal 1 064. (If transmitter differential clock signal 
1064 is not received from external port 348, the one bit of transmitter 
differential clock signal 1 064 is set to ground.) Transmitter clock signal 1 062 can 
be configured for two modes of operation. In a first mode 1066, all four bits of 
transmitter clock signal 1062 are transmitted in parallel along four interconnect 
routes (only one interconnect route is shown in FIG. 10). In a second mode 1068, 
one of the four bits of transmitter clock signal 1062 is transmitted in parallel 
along each of the four interconnect routes. For example, in second mode 1068 
the second least significant bit of the four bits on transmitter clock signal 1062 
is transmitted in parallel along each of the four interconnect routes. 
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[0112] First mode 1066 of transmitter clock signal 1062 can be transmitted to 

each transmitter pad register in bank of transmitter pad registers P 1006: p.I 
1030, p.E 1036, p.m 1042, and p.IV 1048. Second mode 1068 of transmitter 
clock signal 1062 can be transmitted to each transmitter pad register in bank of 
transmitter pad registers y 1006: y.I 1032, y.n 1038, y.m 1044, and y.IV 1050. 
Transmitter differential clock signal 1064 can be transmitted to each transmitter 
pad register in bank of transmitter pad registers 8 1010: 8.1 1034, 8. II 1040, 8. Ill 
1046, and 8. IV 1052. Transmitter clock signal 1062 and transmitter differential 
clock signal 1 064 can also be transmitted to transmitter register multiplexer 1012. 

[0113] Transmitter clock pad delay circuit 1004 can also receive delay set bit 

stream 1054 and delay set clock 1056. Transmitter clock pad delay circuit 1004 
can transmit delay set bit stream 1054. Delay set bit stream 1054 and delay set 
clock 1056 are described in greater detail below. Transmitter clock pad delay 
circuit 1004 comprises five pad delay circuits. Each pad delay circuit comprises 
three delay flip-flops. RESET signal 1058 can be used to reset all of the delay 
flip-flops in transmitter clock pad delay circuit 1004. 

[0114] Each bank of transmitter pad registers p 1006, y 1008, and 8 1010 

comprises four transmitter pad registers. Bank of transmitter pad registers p 1006 
comprises transmitter pad registers p.I 1030, p.H 1036, p.m 1042, and p.IV 1048. 
Bank of transmitter pad registers y 1008 comprises transmitter pad registers y.I 
1032, y.H 1038, y.HI 1044, and y.IV 1050. Bank of transmitter pad registers 8 
1010 comprises transmitter pad registers 8.1 1034, 8.II 1040, 8.m 1046, and 8.IV 
1052. Each bank of transmitter pad registers can produce formatted data bits. 
The formatted data bits have eighty bits. Bank of transmitter pad registers P 1 006 
can produce first formatted data bits 1070. Bank of transmitter pad registers y 
1008 can produce second formatted data bits 1072. Bank of transmitter pad 
registers 81010 can produce third formatted data bits 1 074. Each formatted data 
bits can support at least one of the modes by which XGMII protocol signals can 
be communicated. 
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[01 15] Each transmitter pad register comprises four delay flip-flops. These are 

described in greater detail below. A one bit CLOCK POLARITY signal 1 076 can 
be used to configure all of the transmitter pad registers to process received data 
bits in response to a clock signal having either a positive or a negative polarity. 
RESET signal 1058 can be used to reset all of the delay flip-flops in all of the 
transmitter pad registers. 

[0116] Transmitter pad register p.I 1030 can receive the 1 st through 10 th least 

significant data bits 1022 from transmitter data pad delay circuit a.I 1014. 
Transmitter pad register p.I 1 030 can receive first mode 1 066 of transmitter clock 
signal 1062 from transmitter clock pad delay circuit 1004. Transmitter pad 
register p.I 1030 can produce the 1 st through 10 th and the 41 st through 50 th least 
significant data bits of first formatted data bits 1070. 

[0117] Transmitter pad register p.n 1036 can receive the 1 1 th through 20 th least 

significant data bits 1024 from transmitter data pad delay circuit a.II 1016. 
Transmitter pad register p.n 1036 can receive first mode 1066 of transmitter 
clock signal 1 062 from transmitter clock pad delay circuit 1 004. Transmitter pad 
register p.n 1036 can produce the 1 1 th through 20 th and the 5 1 st through 60 th least 
significant data bits of first formatted data bits 1070. 

[0118] Transmitter pad register p.m 1 042 can receive the 2 1 st through 30 th least 

significant data bits 1026 from transmitter data pad delay circuit a.IH 1018. 
Transmitter pad register p.III 1042 can receive first mode 1066 of transmitter 
clock signal 1 062 from transmitter clock pad delay circuit 1 004. Transmitter pad 
register p.m 1042 can produce the 21 st through 30 th and the 61 st through 70 th least 
significant data bits of first formatted data bits 1070. 

[01 1 9] Transmitter pad register p.IV 1 048 can receive the 3 1 st through 40 th least 

significant data bits 1028 from transmitter data pad delay circuit a.IV 1020. 
Transmitter pad register p.IV 1048 can receive first mode 1066 of transmitter 
clock signal 1 062 from transmitter clock pad delay circuit 1 004. Transmitter pad 
register p.IV 1048 can produce the 3 1 st through 40 th and the 71 st through 80 th least 
significant data bits of first formatted data bits 1070. 
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[0120] Transmitter pad register y.l 1032 can receive the 1 st through 10 th least 

significant data bits 1022 from transmitter data pad delay circuit a.I 1014. 
Transmitter pad register y.l 1032 can receive second mode 1068 of transmitter 
clock signal 1 062 from transmitter clock pad delay circuit 1 004. Transmitter pad 
register y.l 1032 can produce the 1 st through 10 th and the 41 st through 50 th least 
significant data bits of second formatted data bits 1072. 

[0121] Transmitter pad register y.II 1038 can receive the 1 1 th through 20 th least 

significant data bits 1024 from transmitter data pad delay circuit a.n 1016. 
Transmitter pad register y.II 1038 can receive second mode 1068 of transmitter 
clock signal 1 062 from transmitter clock pad delay circuit 1 004. Transmitter pad 
register y.n 1 03 8 can produce the 1 1 * through 20 th and the 5 1 st through 60 th least 
significant data bits of second formatted data bits 1072. 

[0122] Transmitter pad register y.m 1044 can receive the 21 st through 30 th least 

significant data bits 1026 from transmitter data pad delay circuit a.III 1018. 
Transmitter pad register y.IH 1044 can receive second mode 1068 of transmitter 
clock signal 1062 from transmitter clock pad delay circuit 1 004. Transmitter pad 
register y.m 1044 can produce the 21 st through 30 th and the 61 st through 70 th least 
significant data bits of second formatted data bits 1072. 

[0123] Transmitter pad register y.IV 1050 can receive the 31 st through 40 th least 

significant data bits 1028 from transmitter data pad delay circuit a.IV 1020. 
Transmitter pad register y.IV 1050 can receive second mode 1068 of transmitter 
clock signal 1 062 from transmitter clock pad delay circuit 1 004. Transmitter pad 
register y.IV 1 050 can produce the 3 1 st through 40 th and the 7 1 st through 80 th least 
significant data bits of second formatted data bits 1072. 

[0124] Transmitter pad register 5.1 1034 can receive the 1 st through 10 th least 

significant data bits 1022 from transmitter data pad delay circuit a.I 1014. 
Transmitter pad register 5.1 1 034 can receive transmitter differential clock signal 
1064 from transmitter clock pad delay circuit 1004. Transmitter pad register 5.1 
1034 can produce the 1 st through 10 th and the 41 st through 50 th least significant 
data bits of third formatted data bits 1074. 
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[0125] Transmitter pad register 5.II 1040 can receive the 1 1 th through 20 th least 

significant data bits 1024 from transmitter data pad delay circuit a.n 1016. 
Transmitter pad register 8.II 1 040 can receive transmitter differential clock signal 
1064 from transmitter clock pad delay circuit 1 004. Transmitter pad register 6.n 
1040 can produce the 1 1 th through 20 th and the 51 st through 60 th least significant 
data bits of third formatted data bits 1074. 

[0126] Transmitter pad register S.m 1046 can receive the 21 st through 30 th least 

significant data bits 1026 from transmitter data pad delay circuit a.IQ 1018. 
Transmitter pad register S.III 1 046 can receive transmitter differential clock signal 
1 064 from transmitter clock pad delay circuit 1 004. Transmitter pad register 5.m 
1046 can produce the 21 st through 30 th and the 61 st through 70 th least significant 
data bits of third formatted data bits 1074. 

[0127] Transmitter pad register 5.IV 1 052 can receive the 3 1 st through 40 th least 

significant data bits 1028 from transmitter data pad delay circuit a.IV 1020. 
Transmitter pad register 5. IV 1052 can receive transmitter differential clock 
signal 1064 from transmitter clock pad delay circuit 1004. Transmitter pad 
register 8.IV 1 052 can produce the 3 1 st through 40 th and the 7 1 st through 80 th least 
significant data bits of third formatted data bits 1074. 

[0128] Transmitter register multiplexer 1012 can receive transmitter clock signal 

1062, transmitter differential clock signal 1064, first formatted data bits 1070, 
second formatted data bits 1072, third formatted data bits 1074, a forty bit serial 
formatted signal 1078 from bus multiplexer Hj 322 via loop back port 356, 
a four bit lock signal 1080 from the XGMII protocol signal, a four bit DATA 
SELECT signal 1082, a three bit MODE SELECT signal 1084, and a one bit 
DIFFERENTIAL CLOCK MODE SELECT signal 1086. Transmitter register 
multiplexer 1012 can transmit an eighty bit serial routing signal 1088, four bit 
lock signal 1080, a four bit routing clock signal 1090, and a one bit CLOCK 
MODE SELECT signal 1092 to three-way bus driver H 2 !0 924. Routing clock 
signal 1090 can also be transmitted to bus multiplexer H, 322. 
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[01 29] FIG. 1 1 is a block diagram of an embodiment of transmitter data pad delay 

circuit a.I 1014. Transmitter data pad delay circuits a.n 1016, a. HI 1018, and 
a. IV 1020 can each be configured in a similar manner. Transmitter data pad 
delay circuit a.I 1014 comprises ten pad delay circuits: a.1.01 1102,a.I.02 1104, 
a.1.03 1 106, a.1.04 1 108, a.1.05 1110, a.L06 1112, a.1.07 1 1 14, a.1.08 1116, a.1.09 
1118, and a.I. 10 1 120. Transmitter pad delay circuit a.I 1014 can receive the 1 st 
through 10 th least significant data bits 1022 of the XGMII protocol signal. 
Transmitter data pad delay circuit a.I 1014 can transmit the 1 st through 10 th least 
significant data bits 1022 to each of transmitter pad registers p. 1 1030, y.1 1032, 
and 5.1 1034. Transmitter pad delay circuit a.I 1014 can be used to synchronize 
the 1 st through 1 0 th least significant data bits 1 022 of the XGMII protocol signal. 

[0130] Each pad delay circuit can receive and transmit one data bit from the 1 st 

through 10 th least significant data bits 1022. Pad delay circuits a.1.01 1102,a.I.02 
1 104, a.1.03 1 106, a.1.04 1 108, a.1.05 1 1 10, a.1.06 1 1 12, a.1.07 1 1 14, a.1.08 1 1 16, 
a.1.09 11 18, and a.1.10 1120 can receive and transmit, respectively, the 1 st , the 2 nd , 
the 3 rd , the 4 th , the 5 th , the 6 th , the 7 th , the 8 th , the 9 th , and the 10 th least significant 
data bit 1 140 of the 1 st through 10 th least significant data bits 1022. Each pad 
delay circuit can also receive delay set bit stream 1054 and delay set clock 1056. 
Each pad delay circuit can transmit delay set bit stream 1054. Delay set bit 
stream 1054 and delay set clock 1056 are described in greater detail below. Each 
pad delay circuit comprises three delay flip-flops. These are described in greater 
detail below. RESET signal 1058 can be used to reset all of the delay flip-flops 
in all of the pad delay circuits. 

[0131] FIG. 12 is a block diagram of an embodiment of transmitter clock pad 

delay circuit 1004. Transmitter clock pad delay circuit 1004 can be used to 
synchronize the bits of transmitter clock pad delay clock signal 1 060. Transmitter 
clock pad delay circuit 1004 comprises five pad delay circuits: TCPD.01 1202, 
TCPD.02 1204, TCPD.03 1206, TCPD.04 1208, and TCPD.05 1210. 

[0132] Transmitter clock pad delay circuit 1 004 can receive a five bit transmitter 

clock pad delay clock signal 1060 from external port X mK 348. Five bit 
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transmitter clock pad delay clock signal 1 060 comprises four bit transmitter clock 
signal 1062 from the XGMII protocol signal and, optionally, one bit transmitter 
differential clock signal 1 064. (If transmitter differential clock signal 1 064 is not 
received from external port X mR 348, the one bit of transmitter differential clock 
signal 1064 is set to ground.) 

[0133] Transmitter clock pad delay circuit 1004 can transmit first mode 1066 of 

transmitter clock signal 1062 to each transmitter pad register in bank of 
transmitter pad registers p 1006, second mode 1068 of transmitter clock signal 
1062 to each transmitter pad register in bank of transmitter pad registers y 1006, 
and transmitter differential clock signal 1064 to each transmitter pad register in 
bank of transmitter pad registers 8 1010. Transmitter clock signal 1062 and 
transmitter differential clock signal 1064 can also be transmitted to transmitter 
register multiplexer 1012. 

[0134] Each pad delay circuit can receive and transmit one bit from transmitter 

clock pad delay clock signal 1060. Pad delay circuits TCPD.01 1202,TCPD.02 
1204, TCPD.03 1206, TCPD.04 1208, and TCPD.05 1210 can receive and 
transmit, respectively, the 1 st least significant bit of transmitter clock signal 1 062, 
the 2 nd least significant bit of transmitter clock signal 1062, the 3 rd least 
significant bit of transmitter clock signal 1062, the 4 th least significant bit of 
transmitter clock signal 1062, and the one bit of transmitter differential clock 
signal 1 064. Each pad delay circuit can also receive delay set bit stream 1054 and 
delay set clock 1056. Each pad delay circuit can transmit delay set bit stream 
1 054. Delay set bit stream 1 054 and delay set clock 1 056 are described in greater 
detail below. Each pad delay circuit comprises three delay flip-flops. These are 
described in greater detail below. RESET signal 1058 can be used to reset all of 
the delay flip-flops in all of the pad delay circuits. 

[0135] FIG. 13A is a schematic diagram of an embodiment of pad delay circuit 

a.1.01 1102. Pad delay circuits a.1.02 1104, a.1.03 1106,a.I.04 1 108, a.1.05 1 1 10, 
a.L06 1112,a.L07 1114, a.L08 1116,aJ.09 1118, ai.10 1120, TCPD.01 1202, 
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TCPD.02 1204,TCPD.03 1206,TCPD.04 1208, and TCPD.05 1210 can each be 
configured in a similar manner. 
[0136] Pad delay circuit a.LOl 1102 comprises eight delay buffers: a.I.Ol.bl 

1302, a.L01.b2 1304, a.L01.b3 1306, a.I.01.b4 1308, a.I.01.b5 1310, a.I.01.b6 
1312, a.I.01.b7 1314, and a.LOl. b8 1316, seven multiplexers: a.I.Ol.ml 1318, 
a.LOl .m2 1 320, a.LOl .m3 1 322, a.LOl .m4 1324, a.LOl .m5 1326, a.LOl .m6 1 328, 
anda.L01.m7 1330, and three delay flip-flops: a.LOl.dl 1332, a.LOl. d2 1334, 
anda.L01.d3 1336. 

[0137] The eight delay buffers are coupled in series: a.I.Ol.bl 1302 is coupled 

to a.L01.b2 1304 at anode Ni 1338, a.I.01.b2 1304 is coupled to a.LOl. b3 1306 
at anode N 2 1340, a.I.01.b3 1306 is coupled to a.LOl. b4 1308 at anode N 3 1342, 
a.L01.b4 1308 is coupled to aJ.01.b5 1310 at anode N 4 1344, a.I.01.b5 1310 is 
coupled to a.I.01.b6 1312 at a node N 5 1346, a.I.01.b6 1312 is coupled to 
a.LO l.b7 13 14 at a node N 6 1348, and a.LOl. b7 13 14 is coupled to a.LOl. b8 1316 
at a node N 7 1350. The output of delay buffer a.I.01.b8 1316 is at a node N 8 
1352. 

[0138] The three delay flip-flops are coupled in series: a.LOl.dl 1332 is coupled 

to a.I.01.d2 1334 at a node N 9 1354, and a.I.01.d2 1334 is coupled to a.I.01.d3 
1336 at anodeNi 0 1356. The output of delay flip-flop a.LOl. d3 1336 is at anode 
N n 1358. RESET signal 1058 can be used to reset all of the delay flip-flops. 

[0139] Multiplexer a.I.Ol.ml 1318 can receive inputs from nodes N, 1338 and 

N 2 1340. The value of node N u 1358 determines whether multiplexer a.I.Ol.ml 
1318 will transmit the value of node Nj 1338 or the value of node N 2 1340. 
Multiplexer a.LOl. m2 1320 can receive inputs from nodes N 3 1342 andN 4 1344. 
The value of node N n 1358 determines whether multiplexer a.LOl. m2 1320 will 
transmit the value of node N 3 1342 or the value of node N 4 1344. Multiplexer 
a.I.01.m3 1322 can receive inputs from nodes N 5 1346 and N 6 1348. The value 
of node N,, 1358 determines whether multiplexer a.LOl. m3 1322 will transmit 
the value of node N 5 1346 or the value of node N 6 1348. Multiplexer a.LOl .m4 
1324 can receive inputs from nodes N 7 1350 and N 8 1352. The value of node N n 
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1358 determines whether multiplexer a.I.Ol .m4 1324 will transmit the value of 
node N 7 1350 or the value of node N 8 1352. 

[0140] Multiplexer a.I.Ol. m5 1326 can receive inputs from multiplexers 

ot.L01.ml 1318 and a.I.01.m2 1320. The value of node N 10 1356 determines 
whether multiplexer a.I.Ol. mS 1326 will transmit the value of multiplexer 
a.I.Ol.ml 1318 or the value of multiplexer a.I.Ol. m2 1320. Multiplexer 
a.I.01.m6 1328 can receive inputs from multiplexers a.I.01.m3 1322 and 
a.I.Ol. m4 1324. The value of node N 10 1356 determines whether multiplexer 
a.I.Ol .m6 1 328 will transmit the value of multiplexer a.I.Ol .m3 1 322 or the value 
of multiplexer a.I.Ol. m4 1324. Multiplexer a.I.Ol. m7 1330 can receive inputs 
from multiplexers ai.01.m5 1326 and a.I.Ol. m6 1328. The value of node N 9 
1354 determines whether multiplexer a.I.Ol. m7 1330 will transmit the value of 
multiplexer a.LOl.mS 1326 or the value of multiplexer a.L01.m6 1328. 

[0141] Pad delay circuit a.I.Ol 1 102 can receive a bit 1360 at an input 1362 and 

transmit bit 1360 at an output 1364. Each delay buffer delays bit 1360 as it 
traverses the interconnect. The multiplexers determine the number of delay 
buffers through which bit 1360 traverses en route to output 1364. FIG. 13B is a 
truth table 1380 that shows, as a function of the value of each of nodes N 9 1354, 
N 10 1356, and N n 1358, the delay buffer node that is connected to output 1364. 
For example, truth table 1380 shows that if the value of each of nodes N 9 1354, 
N 10 1356, and N n 1358 is, respectively, 1, 0, and 1, then node N 5 1346 is 
connected to output 1364. In this situation, bit 1360 received at input 1362 
traverses through five delay buffers en route to output 1 364. Thus, the degree to 
which bit 1 360 is delayed can be adjusted in increments by changing the value of 
any of nodes N 9 1354, N 10 1356, andN n 1358. 

[0142] Pad delay circuit a.I.Ol 1 102 can also receive delay set bit stream 1054 

and delay set clock 1056. Delay set clock 1056 is used to clock all of the delay 
flip-flops. Delay set bit stream 1054 is used to change the values of nodes N 9 
1354, N 10 1356, and N n 1358. For example, a first bit of delay set bit stream 
1054 is received from outside of bus 300 at delay flip-flop a.I.Ol.dl 1332. With 
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a first cycle of delay set clock 1056, the first bit is produced at the output of delay 
flip-flop a.I.Ol.dl 1332 (N 9 1354) and is received at delay flip-flop a.L01.d2 
1334, and a second bit of delay set bit stream 1054 is received at delay flip-flop 
a.I.Ol.dl 1332. With a second cycle of delay set clock 1056, the first bit is 
produced at the output of delay flip-flop a.1.01 .d2 1 334 (N 10 1356) and is received 
at delay flip-flop a.LOl .d3 1336, the second bit is produced at the output of delay 
flip-flop a.I.Ol.dl 1332 (N 9 1354) and is received at delay flip-flop a.I.01.d2 
1334, and a third bit of delay set bit stream 1054 is received at delay flip-flop 
a.I.Ol.dl 1332. With a third cycle of delay set clock 1056, the first bit is 
produced at the output of delay flip-flop a.LOl .d3 1336 (N, ,1358) and is received 
at a delay flip-flop (not shown) of pad delay circuit a.1.02 1 104 (at FIG. 11), the 
second bit is produced at the output of delay flip-flop a.I.01.d2 1334 (N 10 1356) 
and is received at delay flip-flop a.I.Ol.dl 1332, the third bit is produced at the 
output of delay flip-flop a.I.Ol.dl 1332 (N 9 1354) and is received at delay flip- 
flop a.LOl. d2 1334, and a fourth bit of delay set bit stream 1054 is received at 
delay flip-flop a.I.Ol.dl 1332. 

[0143] As cycles of delay set clock 1056 continue in this manner, the first bit is 

received at a delay flip-flop (not shown) of a pad delay circuit (not shown) of 
transmitter data pad delay circuit a. II 1016 (at FIG. 10). As cycles of delay set 
clock 1056 continue in this manner, the first bit is received at a delay flip-flop 
(not shown) of pad delay circuit TCPD.01 1202 (at FIG. 12) of transmitter clock 
pad delay circuit 1004 (at FIG. 10). As cycles of delay set clock 1056 continue 
in this manner, the first bit is received at a delay flip-flop (not shown) of bus 
multiplexer H, 322. The manner in which bus multiplexer H, 322 uses delay set 
bit stream 1054 is described in greater detail below. 

[0144] After bus 300 is manufactured, tests can be performed to determine a 

value for each of nodes N 9 1354, N 10 1356, and N„ 1358 for each of the pad delay 
circuits that yields a desired delay time for the corresponding bit 1360 processed 
by the pad delay circuit. Once a value for each of nodes N 9 1 354, N 10 1356, and 
N u 1358 for each of the pad delay circuits is determined, the values are 
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assembled as delay set bit stream 1 054 and clocked to their appropriate delay flip- 
flops using delay set clock 1056. Once each of nodes N 9 1354, N 10 1356, and N H 
1358 for each of the pad delay circuits is set to its corresponding determined 
value, delay set clock 1056 is disabled so that each of nodes N 9 1354, N 10 1356, 
and N n 1358 for each of the pad delay circuits is locked at its corresponding 
determined value. 

[0145] The pad delay circuits augment the process described above in which 

variations in the time consumed for the bits to traverse their respective 
interconnects (i.e., the path delay times) are compensated by the time consumed 
for the bits to traverse across the cross link multiplexer (i.e., the gate delay times). 
Recall that having the lengths of all of the interconnects between two adjacent 
multiplexer pairs substantially the same facilitates maintaining synchronization 
among the bits as they traverse their respective interconnects. However, the bits 
can become unsynchronized due to coupling phase shifts, variations in the timing 
of wave formations, and the like. Also, limitations in fabrication processes can 
result in differences in interconnect lengths. In these situations, the bits can be 
received by the cross link multiplexer delay flip-flops at various points in time of 
a clock cycle. Once received by the cross link multiplexer delay flip-flops, the 
bits are stored and then, at the next clock cycle, transmitted at the same point in 
time of that clock cycle. 

[0146] This process assumes that the variations in the time consumed for the bits 

to traverse their respective interconnects are within a clock cycle. It is possible 
that this may not be the case when the signals are received from outside of bus 
300, where the lengths of the various interconnects traversed by the bits may be 
unknown. Difficulties with synchronization may also be more likely among serial 
formatted signals than among parallel formatted signals because protocols that 
use parallel formatted signals are inherently concerned with maintaining 
synchronization among the bits. For at least these reasons, bus 300 can include 
pad delay circuits in bus multiplexers F x 314, F 2 316, H, 322, H 2 324, or any 
combination of the foregoing. 
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[0147] FIG. 14 is a schematic diagram of an embodiment of transmitter pad 

register pi 1030. Transmitter pad registers p.H 1036, p.m 1042, p.IV 1048, y.I 
1032, y.H 1038, y.m 1044, y.IV 1050, 5.1 1034, 5.H 1040, 5.m 1046, and 8.IV 
1052 can each be configured in a similar manner. Transmitter pad register p.I 
1030 comprises four delay flip-flops: p.I.dl 1402, p.I.d2 1404, p.Ld3 1406, and 
p.I.d4 1408, and a multiplexer p.I.m 1410. Delay flip-flops p.I.dl 1402, p.I.d2 
1404, and p.I.d3 1406 are rising edge flip-flops. They each receive a bit on a 
rising edge of a clock cycle. Delay flip-flop p.I.d4 1408 is a falling edge flip-flop. 
It receives a bit on a falling edge of a clock cycle. 

[0148] Delay flip-flops p.I.dl 1402 and p.I.d2 1404 are coupled in series at a 

node N 12 1412. The output of delay flip-flop p.I.dl 1402 is at a node N 13 1414. 
Delay flip-flops p.Ld3 1406 and p.I.d4 1408 are coupled in series at a node N 14 
1416. The output of delay flip-flop p.I.d3 1406 is at a node N 15 1418. Firstmode 
1066 of transmitter clock signal 1062 is used to clock all of the delay flip-flops. 
RESET signal 1058 can be used to reset all of the delay flip-flops. 

[0149] Multiplexer p.I.m 1410 can receive inputs from nodes N 12 1412 and N 13 

1414. The output of multiplexer p.I.m 1410 is at a node N 16 1420. The value of 
CLOCK POLARITY signal 1076 determines whether multiplexer p.I.m 1410will 
transmit the value of node N 12 1412 or the value of node N 13 1414. If transmitter 
clock signal 1062 has a positive polarity, then multiplexer p.I.m 1410 will 
transmit the value of node N 12 1412. If transmitter clock signal 1062 has a 
negative polarity, then multiplexer p.I.m 1410 will transmit the value of node N 13 
1414. 

[0150] Transmitter pad register p.I 1030 can receive the 1 st through 10 th least 

significant data bits 1022 from transmitter data pad delay circuit a. I 1014 at an 
input 1422. Input 1422 is coupled to the inputs ofboth delay flip-flop p.I.d2 1404 
and delay flip-flop p.I.d4 1408. Transmitter pad register p.I 1030 can produce the 
1 st through 1 0 th least significant data bits of first formatted data bits 1 070 at node 
N 16 1 420. Transmitter pad register p.I 1 030 can produce the 4 1 st through 50 th least 
significant data bits of first formatted data bits 1070 at node N 15 1418. 

1875.3640003 



-43- 



[0151] FIGs. 15A and 15B show series of graphs 1500A and 1500B that depict 

a bit being processed by transmitter pad register p. I 1030 in response to, 
respectively, transmitter clock signal 1062 having a positive polarity and 
transmitter clock signal 1 062 having a negative polarity. Series of graphs 1 5 00 A 
and 1500B assume that: (1) transmitter pad register p.I 1030 has processed a 
stream of bits with values of zero, (2) at a first clock cycle, a bit with a value of 
one is received at input 1422, and (3) at subsequent clock cycles, a stream of bits 
with values of zero are received at input 1422. 

[0152] At series of graphs 1500A, at a rising edge of a first clock cycle, the bit 

with the value of one is received at the input of delay flip-flop p.I.d2 1404 (graph 
1502 A). At a falling edge of first clock cycle, the bit with the value of one is 
received at the input of delay flip-flop p.I.d4 1408 (graph 1510A). At a rising 
edge of a second clock cycle, the bit with the value of one is received at the 
output of delay flip-flop p.I.d2 1 404 (graph 1 504 A), at the input of delay flip-flop 
p.I.dl 1402 (graph 1506A), and atnodeN 16 1420 (graph 1520A) as the 1 st through 
10 th least significant data bits of first formatted data bits 1070. At a falling edge 
of second clock cycle, the bit with the value of one is received at the output of 
delay flip-flop p.I.d4 1 408 (graph 1 5 1 2 A) and at the input of delay flip-flop p.I.d3 
1406 (graph 151 4A). At a rising edge of a third clock cycle, the bit with the value 
of one is received at the output of delay flip-flop p.I.dl 1402 (graph 1508A), at 
the output of delay flip-flop p.I.d3 1406 (graph 1516A), and at node N 15 1418 
(graph 151 8A) as the 41 st through 50 th least significant data bits of first formatted 
data bits 1070. Thus, when transmitter clock signal 1062 has a positive polarity, 
data for each XGMII character is first transmitted within the forty least significant 
bits of first formatted data bits 1070, then within the forty most significant bits 
of first formatted data bits 1070. 

[0153] At series of graphs 1500B, at a falling edge of a first clock cycle, the bit 

with the value of one is received at the input of delay flip-flop p.I.d4 1408 (graph 
1510B). At a rising edge of first clock cycle, the bit with the value of one is 
received at the input of delay flip-flop p.I.d2 1402 (graph 1502B). At a falling 
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edge of a second clock cycle, the bit with the value of one is received at the 
output of delay flip-flop p.Ld4 1408 (graph 1512B) and at the input of delay flip- 
flop p.I.d3 1406 (graph 1514B). At a rising edge of second clock cycle, the bit 
with the value of one is received at the output of delay flip-flop p.I.d2 1404 
(graph 1504B), at the input of delay flip-flop p.I.dl 1402 (graph 1506B), at the 
output of delay flip-flop p.I.d3 1406 (graph 1516B), and at node N 15 1418 (graph 
1518B) as the 41 st through 50 th least significant data bits of first formatted data 
bits 1070. At a falling edge of a third clock cycle, the bit with the value of one 
is received at the output of delay flip-flop p.I.dl 1402 (graph 1 508B) and at node 
N 16 1420 (graph 1520B) as the 1 st through 10 th least significant data bits of first 
formatted data bits 1070. Thus, when transmitter clock signal 1062 has a 
negative polarity, data for each XGMII character is first transmitted within the 
forty most significant bits of first formatted data bits 1070, then within the forty 
least significant bits of first formatted data bits 1070. 

[0154] FIG. 1 6 is a schematic diagram of an embodiment of transmitter register 

multiplexer 1012. Transmitter register multiplexer 1012 comprises an Exclusive 
NOR gate 1602, a first multiplexer 1604, a second multiplexer 1606, a third 
multiplexer 1608, and a bank of delay buffers 1610. 

[0155] Exclusive NOR gate 1602 can receive four bit DATA SELECT signal 

1082 and a four bit AUXILIARY MODE SELECT signal 1612. Exclusive NOR 
gate 1602 can produce a one bit COMPARE signal 1614. If DATA SELECT 
signal 1082 and AUXILIARY MODE SELECT signal 1612 match each other, 
then COMPARE signal 1614 is one; otherwise, COMPARE signal 1614 is zero. 

[01 56] First multiplexer 1 604 can receive ten different one bit inputs. Each input 

is related to a mode by which XGMII protocol signals can be communicated. The 
values of one bit DIFFERENTIAL CLOCK MODE SELECT signal 1086, three 
bit MODE SELECT signal 1084, and one bit COMPARE signal 1614 determine 
which of the ten different inputs that first multiplexer 1 604 will transmit to three- 
way bus driver H 2 10 924 as one bit CLOCK MODE SELECT signal 1092. 
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[01 57] Second multiplexer 1 606 can receive ten different eighty bit inputs. Each 

input is related to a mode by which XGMII protocol signals can be 
communicated. Each input is first formatted data bits 1070, second formatted 
data bits 1072, third formatted data bits 1074, forty bit serial formatted signal 
1078 from loop back port L^r 356, or some combination of the foregoing. For 
serial formatted signal 1078, forty dummy bits are used as the forty most 
significant bits. The values of one bit DIFFERENTIAL CLOCK MODE 
SELECT signal 1086, three bit MODE SELECT signal 1084, and one bit 
COMPARE signal 1614 determine which of the ten different inputs that second 
multiplexer 1606 will transmit to three-way bus driver H 2 10 924 as eighty bit 
serial routing signal 1088. 

[0158] Third multiplexer 1608 can receive transmitter clock signal 1062 and 

transmitter differential clock signal 1064. Transmitter clock signal 1062 can be 
configured for two modes of operation. In first mode 1066, all four bits of 
transmitter clock signal 1062 are transmitted in parallel along four interconnect 
routes. In second mode 1068, one of the four bits of transmitter clock signal 1062 
is transmitted in parallel along each of the four interconnect routes. For example, 
in second mode 1068 the second least significant bit of the four bits on 
transmitter clock signal 1062 is transmitted in parallel along each of the four 
interconnect routes. The values of one bit DIFFERENTIAL CLOCK MODE 
SELECT signal 1086 and one bit CLOCK MODE SELECT signal 1092 which 
of first mode 1066 of transmitter clock signal 1062, second mode 1068 of 
transmitter clock signal 1062, or transmitter differential clock signal 1064 that 
third multiplexer 1608 will transmit to three-way bus driver H 2 10 924 as four bit 
routing clock signal 1090. Routing clock signal 1090 can also be transmitted to 
bus multiplexer H { 322. The manner in which bus multiplexer H, 322 uses 
routing clock signal 1090 is described in greater detail below. 

[0159] Bank of delay buffers 1610 can receive one of the four bits of lock signal 

1080. For example, bank of delay buffers 1610 can receive the second least 
significant bit of the four bits of lock signal 1 080. The received bit of lock signal 
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1080 is transmitted in parallel along each of four interconnect routes through 
corresponding delay buffers of bank of delay buffers 1 6 1 0 to three-way bus driver 
H 2 10 924 as four bit lock signal 1080. 

[0160] FIG. 17 is a block diagram of an embodiment of cross link bus 

multiplexer H, 322. Bus multiplexer H { 322 comprises a parallel receiver pad 
register H,XGMn 1702 and fifteen two-way bus drivers: H u 1704,Hi. 2 1706,1^ 3 
1708, H M 1710, H 15 1712, H 16 1714, H 1/7 1716, H 18 1718, H 19 1720, H M0 1722, 
Hj || 1724, Hj | 2 1726, H, , 3 1728, H 114 1730, and H L15 1732. Each of the bus 
drivers can receive a signal and transmit it to parallel receiver pad register 
H,XGMII 1702. The two-way bus drivers can each be configured in a similar 
manner as two-way bus driver E u 506, described above with reference to FIG. 
8. Bus multiplexer H, 322 has external port X H1T 344 than can transmit XGMII 
protocol signals. Bus multiplexer Hj 322 also has external port X H1R 360 that can 
receive serial formatted signals and loop back port 352 that can transmit the 
serial formatted signals to bus multiplexer H 2 324. 

[0161] Two-way bus driver H u 1704 can receive a XAUI protocol signal from 

external port Xq 1X 330 via bus multiplexer G 2 320. Driver H u 1 704 can transmit 
this signal to bus multiplexer H 2 324. Two-way bus driver H, 2 1 706 can receive 
a XAUI protocol signal from external port Xq 2x 332. Driver H 12 1706 can 
transmit this signal to bus multiplexer Ej 310 via bus multiplexer H 2 324. Two- 
way bus driver H x 3 1 708 can receive a XAUI protocol signal from external port 
X E2X 328 via bus multiplexer H 2 324. Two-way bus driver H, 4 1 7 1 0 can receive 
a XAUI protocol signal from external port X E1X 326 via bus multiplexer H 2 324. 
Driver H, 4 1710 can transmit this signal to bus multiplexer G 2 320. 

[0162] Two-way bus driver H 1 5 1712 can receive a CDL protocol signal from 

external port Xq XC 338 via bus multiplexer G 2 320. Driver H L5 1712 can transmit 
this signal to bus multiplexer H 2 324. Two-way bus driver H, 6 1 7 14 can receive 
a CDL protocol signal from external port Xq 2C 340. Driver H, 6 1 7 14 can transmit 
this signal to bus multiplexer E, 310 via bus multiplexer H 2 324. Two-way bus 
driver H, 7 1716 can receive a CDL protocol signal from external port X E2C 336 
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via bus multiplexer H 2 324. Two-way bus driver H, 8 1718 can receive a CDL 
protocol signal from external port X E1C 334 via bus multiplexer H 2 324. Driver 
H, 8 1718 can transmit this signal to bus multiplexer G 2 320. 
[01 63] Two-way bus driver Hj 9 1 720 can receive an XGMII protocol signal from 

external port X n 346 via bus multiplexer G 2 320. Two-way bus driver H x 10 1 722 
can receive an XGMII protocol signal from external port X^ 348. Driver 10 
1722 can transmit this signal to bus multiplexer F 2 316 via bus multiplexer G 2 
320. 

[0164] Two-way bus driver H l u 1724 can receive a PBERT signal from internal 

port I 5 370 via bus multiplexer H 2 324. Driver H M , 1 724 can transmit this signal 
to bus multiplexer F 2 316 via bus multiplexer G 2 320. 

[0165] Two-way bus driver H x 12 1726 can receive a signal from internal port l { 

362 via bus multiplexer G 2 320. Driver H U2 1726 can transmit this signal to bus 
multiplexer H 2 324. Two-way bus driver H { 13 1728 can receive a signal from 
internal port I 2 364 via bus multiplexer G 2 320. Driver Hj 13 1728 can transmit 
this signal to bus multiplexer H 2 324. Two-way bus driver H L14 1730 can receive 
a signal from internal port I 3 366 via bus multiplexer G 2 320. Two-way bus 
driver H, 15 1732 can receive a signal from internal port I 4 368 via bus multiplexer 
G 2 320. 

[0166] Bus multiplexer F, 3 14 can be configured in a similar manner to that of 

bus multiplexer H, 322, but bus multiplexer F } 314 also comprises a cross link 
multiplexer FjCORI^ for routing signals received from and transmitted to internal 
port I 3 362. 

[0167] FIG. 18 is a block diagram of an embodiment of parallel receiver pad 

register H,XGMII 1702. Register H,XGMII 1702 comprises a receiver pad 
multiplexer 1 802, two banks of receiver pad registers: 8 1 804 and X 1 806, and a 
bank of receiver pad delay circuits n 1808. 

[0168] Receiver pad multiplexer 1802 can receive XAUI protocol signals that can 

be received by bus 300 at each of external ports X E1X 326, X E2X 328, X^x 330, 
and X G2X 332, CDL protocol signals that can be received by bus 300 at each of 
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external ports X E1C 334, X E2C 336, Xq XC 338, and Xq 2C 340, and parallel formatted 
signals that can be received by bus 300 at each of internal ports I, 362, 1 2 364, 1 3 
366, 1 4 368, and I 5 370. Each of these signals comprises forty data bits, four clock 
bits, four fast clock bits, four link bits, and one CLOCK MODE SELECT bit. 
With each of these signals, four lock bits are transmitted to receiver pad 
multiplexer 1802, but they are not received by it. 

[0169] Receiver pad multiplexer 1 802 can also receive XGMII protocol signals 

that can be received by bus 300 at each of external ports X^r 346 and X^r 348. 
Each of these signals comprises eighty bit serial routing signal 1088, four bit 
routing clock signal 1 090, and one bit CLOCK MODE SELECT signal 1 092. For 
each of these signals, four bit lock signal 1080 is received by two-way bus driver 
H, 9 1720 or two-way bus driver H x 10 1722, but four bit lock signal 1080 is not 
transmitted to receiver pad multiplexer 1 802 by two-way bus driver H 1 9 1 720 or 
two-way bus driver H, 10 1722. 

[0170] Receiver pad multiplexer 1802 can also receive four bit routing clock 

signal 1090 from bus multiplexer H 2 324. Receiver pad multiplexer 1802 can 
also receive four bit DATA SELECT signal 1082 and three bit MODE SELECT 
signal 1 084. Receiver pad multiplexer 1 802 can transmit a forty bit multiplexer 
output data signal 1 8 1 0, a four bit multiplexer output clock signal 1 8 1 2, a four bit 
multiplexer output fast clock signal 1814, and a four bit multiplexer output enable 
signal 1816. 

[0171] Each bank of receiver pad registers e 1804 and X 1806 comprises four 

receiver pad registers. Bank of receiver pad registers 6 1 804 comprises receiver 
pad registers 8.1 1818, e.n 1820, s.m 1822, ande.IV 1824. Bank of receiver pad 
registers A, 1806 comprises receiver pad registers 1826, X.U 1828, X.U1 1830, 
andk.IV 1832. Each receiver pad register comprises three delay flip-flops. These 
are described in greater detail below. 

[01 72] Each receiver pad register can receive each of one bit RESET signal 1058, 

three bit MODE SELECT signal 1084, a one bit CLOCK POLARITY signal 
1834, and a one bit TEST RESET signal 1836. CLOCK POLARITY signal 1834 
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can be used to configure all of the receiver pad registers to process received bits 
in response to a clock signal having either a positive or a negative polarity. Each 
receiver pad register can receive can receive one bit of four bit multiplexer output 
fast clock signal 1814. Receiver pad registers 8.1 1818 and XJ 1826 can each 
receive the 1 st least significant bit of multiplexer output fast clock signal 1814. 
Receiver pad registers e.II 1820 and 1828 can each receive the 2 nd least 
significant bit of multiplexer output fast clock signal 1814. Receiver pad 
registers e.m 1822 and A,.m 1830 can each receive the 3 rd least significant bit of 
multiplexer output fast clock signal 1814. Receiver pad registers e.IV 1824 and 
X.IV 1832 can each receive the 4 th least significant bit of multiplexer output fast 
clock signal 1814. 

[01 73 J Each receiver pad register in bank of receiver pad registers e 1804 can 

receive ten bits (e.g., a lane) of multiplexer output data signal 1810. Receiver pad 
register e.I 1818 can receive the 1 st through 10 th least significant bits of 
multiplexer output data signal 1810. Receiver pad register e.II 1 820 can receive 
the 1 1 th through 20 th least significant bits of multiplexer output data signal 1810. 
Receiver pad register e.m 1822 can receive the 21 st through 30 th least significant 
bits of multiplexer output data signal 1810. Receiver pad register e.IV 1 824 can 
receive the 3 1 st through 40 th least significant bits of multiplexer output data signal 
1810. 

[01 74] Each receiver pad register in bank of receiver pad registers e 1 804 can also 

receive one bit of each of multiplexer output clock signal 1812 and one bit of 
multiplexer output enable signal 1816. Receiver pad register e.I 1 8 1 8 can receive 
the 1 st least significant bit of multiplexer output clock signal 1812 and the 1 st least 
significant bit of multiplexer output enable signal 1816. Receiver pad register e.II 
1820 can receive the 2 nd least significant bit of multiplexer output clock signal 
1812 and the 2 nd least significant bit of multiplexer output enable signal 1816. 
Receiver pad register e.HI 1822 can receive the 3 rd least significant bit of 
multiplexer output clock signal 1812 and the 3 rd least significant bit of 
multiplexer output enable signal 1816. Receiver pad register e.IV 1824 can 
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receive the 4 th least significant bit of multiplexer output clock signal 1812 and the 
4 th least significant bit of multiplexer output enable signal 1816. 

[0175] Each receiver pad register in bank of receiver pad registers 8 1804 can 

transmit its ten bits of multiplexer output data signal 1810 and one bit of a 
register output clock signal 1838 to a corresponding receiver pad delay circuit in 
bank of receiver pad delay circuits \i 1808. Receiver pad register e.I 1818 can 
transmit the 1 st through 1 0 th least significant bits of multiplexer output data signal 
1810 and the 1 st least significant bit of multiplexer output clock signal 1812 to 
receiver pad delay circuit jli.I 1 840. Receiver pad register e.n 1 820 can transmit 
the 1 1 th through 20 th least significant bits of multiplexer output data signal 1810 
and the 2 nd least significant bit of multiplexer output clock signal 1 8 1 2 to receiver 
pad delay circuit |x.n 1 842. Receiver pad register 8.m 1 822 can transmit the 2 1 st 
through 30 th least significant bits of multiplexer output data signal 1810 and the 
3 rd least significant bit of multiplexer output clock signal 1812 to receiver pad 
delay circuit jx.m 1844. Receiver pad register e.IV 1824 can transmit the 31 st 
through 40 th least significant bits of multiplexer output data signal 1810 and the 
4 th least significant bit of multiplexer output clock signal 1812 to receiver pad 
delay circuit \i.TV 1846. Each receiver pad register in bank of receiver pad 
registers 8 1804 can also transmit its one bit of multiplexer output enable signal 
1816 to external port X H1T 344. 

[0176] Each receiver pad register in bank of receiver pad registers X 1806 can 

receive ten bits (e.g., a lane) of serial formatted signal 1078 from external port 
X H1R 360. Receiver pad register A,.I 1826 can receive the 1 st through 10 th least 
significant bits of serial formatted signal 1078. Receiver pad register ^.n 1828 
can receive the 1 1 th through 20 th least significant bits of serial formatted signal 
1078. Receiver pad register A,.m 1830 can receive the 21 st through 30 th least 
significant bits of serial formatted signal 1078. Receiver pad register ^.IV 1832 
can receive the 31 st through 40 th least significant bits of serial formatted signal 
1078. Each receiver pad register in bank of receiver pad registers X 1806 can 
transmit its ten bits of serial formatted signal 1078 to bus multiplexer H 2 324 via 
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loop back port Lh 1T 352. For each receiver pad register in bank of receiver pad 
registers X- 1 806, the ports for the one bit of multiplexer output clock signal 1812 
and the one bit of multiplexer output enable signal 1816 are set to ground. 

[0177] Bank of receiver pad delay circuits |i 1808 comprises four receiver pad 

delay circuits: \xJ 1840, ji.II 1842, |x.m 1844, and ji.IV 1846. Each receiver pad 
delay circuit can receive ten bits (e.g., a lane) of multiplexer output data signal 
1810 and one bit of register output clock signal 1838 from a corresponding 
receiver pad register in bank of receiver pad registers e 1 804. Receiver pad delay 
circuit 1 840 can receive the 1 st through 1 0 th least significant bits of multiplexer 
output data signal 1810 and the 1 sl least significant bit of multiplexer output clock 
signal 1812 from receiver pad register 8.1 1818. Receiver pad delay circuit ja.II 
1 842 can receive the 1 1 th through 20 th least significant bits of multiplexer output 
data signal 1810 and the 2 nd least significant bit of multiplexer output clock signal 
1812 from receiver pad register s.n 1820. Receiver pad delay circuit \i.Hl 1844 
can receive the 21 st through 30 th least significant bits of multiplexer output data 
signal 1810 and the 3 rd least significant bit of multiplexer output clock signal 
1812 from receiver pad register e.DI 1 822. Receiver pad delay circuit \i.TV 1 846 
can receive the 31 st through 40 th least significant bits of multiplexer output data 
signal 1810 and the 4 th least significant bit of multiplexer output clock signal 
1812 from receiver pad register e.IV 1824. Each receiver pad delay circuit can 
transmit its ten bits of multiplexer output data signal 1810 and its one bit of 
multiplexer output clock signal 1812 to external port X H1T 344. 

[01 78] Each receiver pad delay circuit can also receive delay set bit stream 1054 

from bus multiplexer H 2 324 (described above with reference to FIG. 13 A) and 
delay set clock 1056. Each receiver pad delay circuit can transmit delay set bit 
stream 1054. The manner in which bank of receiver pad delay circuits \i 1808 
uses delay set bit stream 1054 and delay set clock 1056 is described in greater 
detail below. Each receiver pad delay circuit comprises eleven pad delay circuits. 
Each pad delay circuit comprises three delay flip-flops, as described above with 
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reference to FIG. 13A. One bit RESET signal 1058 can be used to reset all of the 
delay flip-flops in bank of receiver pad delay circuits |i 1808. 

[0179] FIG. 19 is a schematic diagram of an embodiment of receiver pad 

multiplexer 1802. Receiver pad multiplexer 1802 comprises a first multiplexer 
1902, a second multiplexer 1904, a third multiplexer 1906, a fast clock 
multiplexer 1908, and an inverter 1910. 

[0180] First multiplexer 1902 can receive sixteen signals. The sixteen signals 

include XAUI protocol signals that can be received by bus 300 at each of external 
ports X E1X 326, X E2X 328, X^x 330, and X G2X 332, CDL protocol signals that can 
be received by bus 300 at each of external ports X E1C 334, X E2C 336, X^c 338, 
and X G2C 340, parallel formatted signals that can be received by bus 300 at each 
of internal ports l Y 362, 1 2 364, 1 3 366, 1 4 368, and I 5 370, XGMII protocol signals 
that can be received by bus 300 at each of external ports X nR 346 and X mR 348, 
and a default signal. First multiplexer 1902 can also receive four bit DATA 
SELECT signal 1082 to determine which one of the sixteen signals will be 
transmitted from external port X HlT 344. The bits of each signal are positioned 
as follows: forty data bits, four clock bits, four fast clock bits, one CLOCK 
MODE SELECT bit, and four link bits. For the default signal, dummy bits are 
placed in the positions of all of the bits. For an XGMII protocol signal, the four 
fast clock bits and the four link bits set to ground. 

[0181] Also for an XGMII protocol signal, first multiplexer 1902 can receive 

eighty bit serial routing signal 1088, but can only transmit the forty least 
significant bits. Recall, however, that when XGMII protocol signals are 
converted from forty data bits to eighty data bits, data for each character is 
transmitted twice: within the forty most significant data bits and within the forty 
least significant data bits. Therefore, no data from an XGMII protocol signal is 
lost when first multiplexer 1 902 receives only the forty least significant data bits. 

[01 82] First multiplexer 1 902 can transmit forty bit multiplexer output data signal 

1810, four bit multiplexer output clock signal 1812, a four bit first multiplexer 
output fast clock signal 1912, a four bit first multiplexer output enable signal 
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1914, and a one bit CLOCK MODE SELECT signal 1916. First multiplexer 
1902 can transmit multiplexer output data signal 1810 and multiplexer output 
clock signal 1812 to each of the receiver pad registers in bank of receiver pad 
registers e 1804. First multiplexer output fast clock signal 1912 can be 
configured for two modes of operation. In a first mode 1 9 1 8, all four bits of first 
multiplexer output fast clock signal 1912 are transmitted in parallel along four 
interconnect routes (only one interconnect route is shown in FIG. 19.) In a 
second mode 1920, one of the four bits of first multiplexer output fast clock 
signal 1912 is transmitted in parallel along each of the four interconnect routes. 
For example, in second mode 1920 the second least significant bit of the four bits 
of first multiplexer output fast clock signal 1912 is transmitted in parallel along 
each of the four interconnect routes. Fast clock multiplexer 1908 can receive 
both first mode 1918 and second mode 1 920 of first multiplexer output fast clock 
signal 1912. Fast clock multiplexer 1908 can also receive CLOCK MODE 
SELECT signal 1916 to determine which of first mode 1918 and second mode 
1920 will be transmitted to second multiplexer 1904. First multiplexer 1902 can 
transmit first multiplexer output enable signal 1914 to inverter 1910. 

[0183] Second multiplexer 1904 can receive eight different inputs. Each input 

is related to a mode by which XGMII protocol signals can be communicated. 
Each input is first multiplexer output fast clock signal 1912 or routing clock 
signal 1090 from bus multiplexer H 2 324. First multiplexer output fast clock 
signal 1912 and routing clock signal 1090 can each be received by second 
multiplexer 1904 in first mode 1918 or second mode 1920. Second multiplexer 
1904 can also receive three bit MODE SELECT signal 1084 to determine which 
of the eight different inputs that second multiplexer 1904 will transmit to each of 
the receiver pad registers in bank of receiver pad registers 6 1 804 and each of the 
receiver pad registers in bank of receiver pad registers X 1806 as four bit 
multiplexer output fast clock signal 1814. 

[0184] Third multiplexer 1906 can receive eight different inputs. Each input is 

related to a mode by which XGMII protocol signals can be communicated. Each 
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input is an output of inverter 1910 or ground. Third multiplexer 1906 can also 
receive three bit MODE SELECT signal 1084 to determine which of the eight 
different inputs that third multiplexer 1906 will transmit to each of the receiver 
pad registers in bank of receiver pad registers e 1804 as four bit multiplexer 
output enable signal 1816. 

[0185] FIG. 20 is a schematic diagram of an embodiment of receiver pad register 

8.1 1818. Receiver pad registers e.H 1820, e.ffl 1822, e.IV 1824, X.I 1826, X.H 
1828, X.TE 1830, and X.JV 1832 can each be configured in a similar manner. 
Receiver pad register e.1 1818 comprises three delay flip-flops: s.I.dl 2002,e.I.d2 
2004, and e.I.d3 2006, a first Exclusive OR gate 2008, a second Exclusive OR 
gate 2010, and a multiplexer 2012. Delay flip-flops e.I.dl 2002 and 8.1.d2 2004 
are rising edge flip-flops. They each receive a bit on a rising edge of a clock 
cycle. Delay flip-flop 8.1.d3 2006 is a falling edge flip-flop. It receives a bit on 
a falling edge of a clock cycle. An output of first Exclusive OR gate 2008 is used 
to clock delay flip-flops e.I.dl 2002 and e.I.d2 2004. RESET signal 1058 can be 
used to reset delay flip-flops e.I.dl 2002 and s.I.d2 2004. An output of second 
Exclusive OR gate 2010 is used to clock delay flip-flop e.Ld3 2006. TEST 
RESET signal 1836 can be used to reset delay flip-flop e.I.d3 2006. 

[0186] First and second Exclusive OR gates 2008 and 201 0 can each receive the 

1 st least significant bit of four bit multiplexer output fast clock signal 1 8 1 4 as first 
input. First Exclusive OR gate 2008 can receive ground as a second input. 
Second Exclusive OR gate 2010 can receive one bit CLOCK POLARITY signal 
1834 as a second input. CLOCK POLARITY signal 1834 ensures that the 1 st 
least significant bit of four bit multiplexer output clock signal 1812 remains 
synchronous with the 1 st least significant bit of four bit multiplexer output enable 
signal 1816 and the 1 st through 10 th least significant bits of forty bit multiplexer 
output data signal 1810 regardless of the polarity of four bit multiplexer output 
fast clock signal 1814. If multiplexer output fast clock signal 1814 has a positive 
polarity, then CLOCK POLARITY signal 1834 is set to one. If multiplexer 
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output fast clock signal 1814 has a negative polarity, then CLOCK POLARITY 
signal 1834 is set to zero. 
[0187] Delay flip-flop e.I.dl 2002 can receive the 1 st least significant bit of four 

bit multiplexer output enable signal 1816 and transmit it to external port X H1X 
344. Delay flip-flop e.I.d2 2004 can receive and produce the 1 st through 1 0 th least 
significant bits of forty bit multiplexer output data signal 1810 and transmit it to 
receiver pad delay circuit ^.1 1840. Delay flip-flop e.I.d3 2006 can receive and 
produce the 1 st least significant bit of four bit multiplexer output clock signal 
1812. 

[0188] Multiplexer 2012 can receive eight different inputs. Each input is related 

to a mode by which XGMII protocol signals can be communicated. Each input 
is an output of delay flip-flop e.I.d3 2006 or an output of second Exclusive OR 
gate 2010. Multiplexer 2012 can also receive three bit MODE SELECT signal 
1084 to determine which of the eight different inputs that multiplexer 2012 will 
transmit to receiver pad delay circuit (x.1 1 840 as the 1 st least significant bit of four 
bit register output clock signal 1838. 

[0189] FIGs. 21 A and 21B show series of graphs 2100A and 2100B that depict, 

for each delay flip-flop of receiver pad register e.1 1 8 1 8, a bit being processed in 
response to, respectively, multiplexer output fast clock signal 1814 having a 
positive polarity and multiplexer output fast clock signal 1814 having a negative 
polarity. For delay flip-flops E.I.dl 2002 and e.I.d2 2004, series of graphs 2 1 00A 
and 2 1 00B assume that: ( 1 ) receiver pad register 8.11818 has processed a stream 
of bits with values of zero, (2) at a first clock cycle, a bit with a value of one is 
received, and (3) at subsequent clock cycles, a stream of bits with values of zero 
are received. 

[01 90] At series of graphs 2 1 00A, CLOCK POLARITY signal 1 834 is set to one. 

At a rising edge of a first clock cycle, a bit with the value of one is received at the 
input of each of delay flip-flop e.I.dl 2002 (graph 2 102 A) and delay flip-flop 
e.I.d2 2004 (graph 21 06A). The output of second Exclusive OR gate 2010 is zero 
(graph 211 OA). A first 1 st least significant bit of four bit multiplexer output clock 
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signal 1 812 is received at the input of delay flip-flop e.I.d3 2006 (graph 21 12 A). 
At a falling edge of first clock cycle, the output of second Exclusive OR gate 
20 1 0 is one (graph 211 OA). At a rising edge of a second clock cycle, the bit with 
the value of one is received at the output of each of delay flip-flop e.I.dl 2002 
(graph 2 104 A) and delay flip-flop e.I.d2 2004 (graph 2 108 A). The output of 
second Exclusive OR gate 2010 is zero (graph 2110A). The first 1 st least 
significant bit of four bit multiplexer output clock signal 1812 is received at the 
output of delay flip-flop e.Ld3 2006 (graph 21 14A). At a falling edge of second 
clock cycle, the output of second Exclusive OR gate 2010 is one (graph 21 10A). 

[0191] At a rising edge of a third clock cycle, the output of second Exclusive OR 

gate 2010 is zero (graph 2110A). A second 1 st least significant bit of four bit 
multiplexer output clock signal 1812 is received at the input of delay flip-flop 
8.1.d3 2006 (graph 21 12 A). At a falling edge of the third clock cycle, the output 
of second Exclusive OR gate 2010 is one (graph 21 10A). At a rising edge of a 
fourth clock cycle, the output of second Exclusive OR gate 2010 is zero (graph 
21 10A). The second 1 st least significant bit of four bit multiplexer output clock 
signal 1 8 1 2 is received at the output of delay flip-flop e.I.d3 2006 (graph 211 4A). 
At a falling edge of fourth clock cycle, the output of second Exclusive OR gate 
2010 is one (graph 21 10A). 

[0192] At series of graphs 2100B, CLOCK POLARITY signal 1834 is set to 

zero. At a falling edge of a first clock cycle, the output of second Exclusive OR 
gate 2010 is one (graph 21 10B). At a rising edge of first clock cycle, a bit with 
the value of one is received at the input of each of delay flip-flop e.I.dl 2002 
(graph 2102B) and delay flip-flop e.I.d2 2004 (graph 2106B). The output of 
second Exclusive OR gate 20 1 0 is zero (graph 211 0B). A first 1 st least significant 
bit of four bit multiplexer output clock signal 1812 is received at the input of 
delay flip-flop s.I.d3 2006 (graph 21 12B). At a falling edge of a second clock 
cycle, the output of second Exclusive OR gate 2010 is one (graph 21 10B). At a 
rising edge of second clock cycle, the bit with the value of one is received at the 
output of each of delay flip-flop e.I.dl 2002 (graph 2104B) and delay flip-flop 
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8.1.d2 2004 (graph 2108B). The output of second Exclusive OR gate 2010 is zero 
(graph 21 10B). The first 1 st least significant bit of four bit multiplexer output 
clock signal 1812 is received at the output of delay flip-flop £.I.d3 2006 (graph 
2114B). 

[0193] At a falling edge of a third clock cycle, the output of second Exclusive OR 

gate 2010 is one (graph 211 0B). At a rising edge of a third clock cycle, the 
output of second Exclusive OR gate 2010 is zero (graph 21 10B). A second 1 st 
least significant bit of four bit multiplexer output clock signal 1812 is received 
at the input of delay flip-flop e.I.d3 2006 (graph 21 12B). At a falling edge of a 
fourth clock cycle, the output of second Exclusive OR gate 2010 is one (graph 
21 10B). At a rising edge of fourth clock cycle, the output of second Exclusive 
OR gate 2010 is zero (graph 21 10B). The second 1 st least significant bit of four 
bit multiplexer output clock signal 1812 is received at the output of delay flip- 
flop e.I.d3 2006 (graph 21 14B). 

[0194] FIG. 22 is a schematic diagram of an embodiment of receiver pad delay 

circuit ji.1 1840. Receiver pad delay circuits n.n 1842, fx.III 1844, and ji.IV 1846 
can each be configured in a similar manner. Receiver pad delay circuit 840 
comprises elevenpad delay circuits: ^.1.01 2202, ^.1.02 2204, [U.03 2206, |a.L04 
2208, (1.1.05 2210, ^.1.06 2212, ji.1.07 2214, ji.L08 2216, ^.1.09 2218, ji.1.10 
2220, and jx.I.ll 2222. Each pad delay circuit can be configured in a similar 
manner as pad delay circuit a.1.01 1 102, described above with reference to FIG. 
13 A. As described above with reference to FIG. 13 A, each pad delay circuit 
comprises three delay flip-flops. RESET signal 1058 can be used to reset all of 
the delay flip-flops in all of the pad delay circuits. 

[0195] Receiver pad delay circuit 1840 can receive the 1 st through 10 th least 

significant bits of forty bit multiplexer output data signal 1810 and the 1 st least 
significant bit of four bit register output clock signal 1838. Receiver pad delay 
circuit \x.I 1840 can transmit the 1 st through 10 th least significant bits of 
multiplexer output data signal 1810 and the 1 st least significant bit of register 
output clock signal 1 838 to external port X H1X 344. Receiver pad delay circuit \x.I 
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1840 can be used to synchronize the 1 st through 10 th least significant bits of 
multiplexer output data signal 1810 and the 1 st least significant bit of register 
output clock signal 1838. 
[0196] Pad delay circuit ji.1.01 2202 can receive the 1 st least significant bit of 

register output clock signal 1838 and transmit it to external port X H1T 344. Pad 
delay circuits M.02 2204, n.1.03 2206, M.04 2208, M.05 2210, n.1.06 2212, 
H.L07 2214, M.08 2216, ji.1.09 2218, ^i.I.lO 2220, and 1 2222 can receive, 
respectively, the 1 st , the 2 nd , the 3 rd , the 4 th , the 5 th , the 6 th , the 7 th , the 8 th , the 9 th , 
and the 10 th least significant bits of multiplexer output data signal 1810. Pad 
delay circuits n.1.02 2204, ^.1.03 2206, ^.1.04 2208, ji.L05 2210, |i.I.06 2212, 
ji.1.07 2214, n.1.08 2216, \xJ.09 2218, M. 10 2220, and n.Lll 2222 can transmit, 
respectively, the 1 st , the 2 nd , the 3 rd , the 4 th , the 5 th , the 6 th , the 7 th , the 8 th , the 9 th , 
and the 10 th least significant bits of multiplexer output data signal 1810 to 
external port X H1T 344. Each pad delay circuit can also receive delay set bit 
stream 1 054 and delay set clock 1 056. Each pad delay circuit can transmit delay 
set bit stream 1054. Delay set bit stream 1054 and delay set clock 1056 are 
described above with reference to FIG. 13A and are further described in greater 
detail below. 

[0197] As described above with reference to FIG. 13A, delay set clock 1056 is 

used to clock all of the delay flip-flops in each of the pad delay circuits. Delay 
set bit stream 1054 is used to change the values of nodes N 9 1354, N 10 1356, and 
N u 1358 in each of the pad delay circuits. As cycles of delay set clock 1056 
continue in the manner described above with reference to FIG. 1 3 A, delay set bit 
stream 1054 is received, in turn, at pad delay circuits (i.I.Ol 2202, (I.I.02 2204, 
M-03 2206, (1.1.04 2208, ji.1.05 2210, ^.1.06 2212, ji.L07 2214, jx.1.08 2216, 
ji.1.09 2218, n.1.10 2220, and (i.I.ll 2222. Pad delay circuit |&.L11 2222 can 
transmit delay set bit stream 1 054 outside of bus 300. Thus, within bus 300 delay 
set bit stream 1054 comprises 267 bits. From its most to its least significant bit, 
delay set bit stream 1054 is: the 30 bits of transmitter data pad delay circuit a.I 
1014, the 30 bits of transmitter data pad delay circuit a.II 1016, the 30 bits of 
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transmitter data pad delay circuit a.EI 1018, the 30 bits of transmitter data pad 
delay circuit a.IV 1 020, the 1 5 bits of transmitter clock pad delay circuit 1 004, the 
33 bits of receiver pad delay circuit ji.I 1840, the 33 bits of receiver pad delay 
circuit \i.U 1842, the 33 bits of receiver pad delay circuit |x.XQ 1844, and the 33 
bits of receiver pad delay circuit \iJV 1846. 

[0198] As described above with reference to FIG. 13 A, after bus 300 is 

manufactured, tests can be performed to determine what value for each of nodes 
N 9 1354,N 10 1356,andN n 1358 for each of the pad delay circuits yields a desired 
delay time for the corresponding bit 1360 processed by the pad delay circuit. 
Once a value for each of nodes N 9 1354, N l0 1356, and N n 1358 for each of the 
pad delay circuits is determined, the values are assembled as delay set bit stream 
1 054 and clocked to their appropriate delay flip-flops using delay set clock 1 056. 
Once each of nodes N 9 1354, N 10 1356, and N n 1358 for each of the pad delay 
circuits is set to its corresponding determined value, delay set clock 1056 is 
disabled so that each of nodes N 9 1354, N 10 1356, and N u 1358 for each of the 
pad delay circuits is locked at its corresponding determined value. 

[0199] Forty bit serial formatted signal 1078 can be used in the performance of 

these tests. As described above with reference to FIG. 18, forty bit serial 
formatted signal 1 078 can be received at bus multiplexer H, 322 via external port 
X H1R 360. Each receiver pad register in bank of receiver pad registers X 1 806 of 
bus multiplexer H, 322 can receive ten bits (e.g., a lane) of forty bit serial 
formatted signal 1078. Each receiver pad register in bank of receiver pad 
registers X 1806 can transmit its ten bits of serial formatted signal 1078 to bus 
multiplexer H 2 324 via loop back port Lh, t 352. 

[0200] As described above with reference to FIG. 10, forty bit serial formatted 

signal 1078 can be received at bus multiplexer H 2 324 via loop back port 
356. As described above with reference to FIG. 16, second multiplexer 1606 of 
transmitter register multiplexer 1012 of bus multiplexer H 2 324 can receive forty 
bit serial formatted signal 1078 as eighty bit serial routing signal 1088. (Forty 
dummy bits are used as the forty most significant bits.) Second multiplexer 1606 
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can transmit eighty bit serial routing signal 1 088 (forty bit serial formatted signal 
1078) to three-way bus driver H 2 10 924. As described above with reference to 
FIG. 9, driver H 210 924 can transmit eighty bit serial routing signal 1088 (forty bit 
serial formatted signal 1 078) to bus multiplexer F, 3 14 via bus multiplexer E! 3 1 0 
and to bus multiplexer F 2 316 via bus multiplexer Hj 322. 
[0201] Forty bit serial formatted signal 1078 does not pass through either bank 

of receiver pad delay circuits 1808 of bus multiplexer K x 322 (see FIG. 18) or 
bank of transmitter data pad delay circuits a 1002 of bus multiplexer H 2 324 (see 
FIG. 10). Therefore, measurements of the delay times of the bits of forty bit 
serial formatted signal 1078 can provide an indication of variations in the lengths 
of the interconnects that are routed through the pad delay circuits. These 
measurements can be used in the process of determining a value for each of nodes 
N 9 1354, N 10 1356, and N n 1358 for each of the pad delay circuits that yields a 
desired delay time. 

[0202] Forty bit serial formatted signal 1078 can also be received at bus 

multiplexer F, 314 via external port X F1R 358, transmitted to bus multiplexer F 2 
316 via loop back port Lp, T 350, received at bus multiplexer F 2 3 1 6 via loop back 
port Lp2 R 354, and transmitted from a three-way bus driver as eighty bit serial 
routing signal 1088 to bus multiplexer H, 322 via bus multiplexer G Y 3 1 8 and to 
bus multiplexer H 2 324 via bus multiplexer F, 314. 

[0203] FIG. 23 shows a flow chart of a method 2300 for conveying a signal 

across a cross link multiplexer bus. In method 2300, at a step 2302, the signal 
can be received at a first cross link multiplexer of the cross link multiplexer bus. 
At a step 2304, the signal is conveyed from the first cross link multiplexer in a 
first direction toward a second cross link multiplexer of the cross link multiplexer 
bus. At a step 2306, the signal is conveyed from the first cross link multiplexer 
in a second direction toward the second cross link multiplexer. In a 
configuration, at a step 2308, the signal from the first cross link multiplexer in the 
first direction can be received at a third cross link multiplexer of the cross link 
multiplexer bus. Optionally, at a step 23 10, the signal can be conveyed from the 
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third cross link multiplexer in the first direction toward the second cross link 
multiplexer. In another configuration, at a step 2312, the signal can be received 
at the second cross link multiplexer from a third cross link multiplexer of the 
cross link multiplexer bus. At a step 23 14, the signal can be transmitted from the 
second cross link multiplexer. 

[0204] FIG. 24 shows a flow chart of a method 2400 for conveying, in parallel, 

bits of a character of a signal across a cross link multiplexer bus. In method 
2400, at a step 2402, a first bit is conveyed from a first cross link multiplexer of 
the cross link multiplexer bus to a second cross link multiplexer of the cross link 
multiplexer bus. At a step 2404, a second bit is conveyed from the first cross link 
multiplexer to the second cross link multiplexer. At a step 2406, conveyance of 
the first bit is delayed so that the first bit remains substantially synchronized with 
the second bit. For example, the first bit can be conveyed through a delay buffer. 

[0205] FIG. 25 shows a flow chart of a method 2500 for conveying a signal 

across a cross link multiplexer bus. In method 2500, at a step 2502, the signal 
can be received at a first cross link multiplexer of the cross link multiplexer bus. 
At a step 2504, the signal is conveyed from the first cross link multiplexer to a 
second cross link multiplexer of the cross link multiplexer bus. At a step 2506, 
the signal is converted from a first format to a second format. The signal can be 
converted at the first cross link multiplexer or the second cross link multiplexer. 
For example, an XGMII protocol signal can be converted from a forty data bit 
format to an eighty data bit format at the first cross link multiplexer, or the 
XGMII protocol signal can be converted from an eighty data bit format to a forty 
data bit format at the second cross link multiplexer. 

[0206] In an embodiment, the signal is capable of being represented as a series 

of characters. One character of the series of characters can be conveyed during 
one cycle of a clock that controls conveyance of the signal. The first format can 
have a first number of bits for data for a first character. The second format can 
have a second number of bits for data for the first character and data for a second 
character. FIG. 26 shows a flow chart of a method 2600 for an embodiment of 
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converting the signal from the first format to the second format. In method 2600, 
at a step 2602, during a first cycle of a clock, a first character is conveyed from 
an input of a first interconnect to an output of the first interconnect. At a step 
2604, also during the first cycle of the clock, the first character is conveyed from 
an input of a second interconnect to a delay flip-flop. At a step 2606, during a 
second cycle of the clock, the second character is conveyed from the input of the 
first interconnect to the output of the first interconnect. At a step 2608, also 
during the second cycle of the clock, the first character is conveyed from the 
delay flip-flop to an output of the second interconnect. 

[0207] Returning to method 2500, optionally, the signal can be reconverted from 

the second format to the first format at a step 2508. Optionally, at a step 2510, 
bits of a character of the signal can be synchronized. For example, each bit can 
be conveyed through a corresponding delay flip-flop. A bit can also be conveyed 
through a delay buffer. At a step 2512, the signal can be transmitted from the 
second cross link multiplexer. 

[0208] FIG. 27 shows a flow chart of a method 2700, in a cross link multiplexer 

bus configured to convey a signal in which a character is represented by a first bit 
and a second bit, for synchronizing the first bit and the second bit. In method 
2700, at a step 2702, a first time is determined for the first bit to be conveyed via 
a first interconnect from a first cross link multiplexer to a second cross link 
multiplexer when a first series of delay buffers is bypassed. At a step 2704, a 
second time is determined for the second bit to be conveyed via a second 
interconnect from the first cross link multiplexer to the second cross link 
multiplexer when a second series of delay buffers is bypassed. The second time 
is greater than the first time. At a step 2706, a desired delay time is determined 
for the first bit so that the first bit is synchronized with the second bit. At a step 
2708, the first series of delay buffers is aligned to increase the first time by the 
desired delay time so that the first bit is synchronized with the second bit. For 
example, the first series of delay buffers can be configured so that the first bit can 
be conveyed through a first delay buffer of the first series of delay buffers. The 
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first series of delay buffers can also be configured so that the first bit can bypass 
a second delay buffer of the first series of delay buffers. 

[0209] FIG. 28 shows a flow chart of a method 2800, in a cross link multiplexer 

bus having a plurality of substantially parallel interconnects coupled between a 
pair of adjacent cross link multiplexers, for reducing cross-talk. In method 2800, 
at a step 2802, a first bit of a character of a signal is conveyed through a first 
interconnect of the substantially parallel interconnects. At a step 2804, a second 
bit of the character of the signal is conveyed through a second interconnect of the 
substantially parallel interconnects. At a step 2806, a power supply voltage is 
conveyed through a third interconnect of the substantially parallel interconnects. 
The third interconnect is positioned substantially between the first interconnect 
and the second interconnect. The power supply voltage can be ground. 

[0210] FIG. 29 shows a flow chart of a method 2900, in a cross link multiplexer 

bus having a plurality of substantially parallel interconnects coupled between a 
pair of adjacent cross link multiplexers, for reducing cross-talk. In method 2900, 
at a step 2902, a first data bit of a character of a signal is conveyed through a first 
interconnect of the substantially parallel interconnects. At a step 2904, a second 
data bit of the character of the signal is conveyed through a second interconnect 
of the substantially parallel interconnects. At a step 2906, a control bit of the 
character of the signal is conveyed through a third interconnect of the 
substantially parallel interconnects. The third interconnect is positioned 
substantially between the first interconnect and the second interconnect. 
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Conclusion 

[02 1 1 ] While various embodiments of the present invention have been described 

above, it should be understood that they have been presented by way of example, 
and not limitation. It will be apparent to persons skilled in the relevant art that 
various changes in form and detail can be made therein without departing from 
the spirit and scope of the invention. Thus the present invention should not be 
limited by any of the above-described exemplary embodiments, but should be 
defined only in accordance with the following claims and their equivalents. 
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